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METHOD OF CREATING INDUSTRIAL
STREPTOMYCES WITH CAPABILITY TO
GROW ON CELLULOSIC
POLYSACCHARIDE SUBSTRATES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/318,399 filed on Apr. 5, 2016, the contents of
which are incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH

This invention was made with government support under
DE-FC02-07ER64494 awarded by the US Department of
Energy. The government has certain rights in the invention.

BACKGROUND

Cellulose is the most abundant organic polymer on Earth
and represents a vast source of renewable energy. Most of
this energy is stored in the recalcitrant polysaccharide cel-
Iulose, which is difficult to hydrolyze because of the highly
crystalline structure, and in hemicellulose, which presents
challenges because of its structural diversity and complexity.
Plant cell walls, approximately composed in pinewood of
lignin (30% by weight), hemicellulose (glucomannan, 20%,
arabinoxylan, 10%), and crystalline cellulose (40%), present
a major barrier to its efficient use. In terrestrial ecosystems,
cellulolytic microbes help drive carbon cycling through the
deconstruction of biomass into simple sugars. The decon-
struction is largely accomplished through the action of
combinations of secreted glycoside hydrolases (GHs), car-
bohydrate esterases (CEs), polysaccharide lyases (PLs), and
carbohydrate binding modules (CBMs). Consequently,
organisms from many lignocellulose-rich environments and
their enzymes are being studied for new insights into over-
coming this barrier.

In order to obtain the hydrolysis of crystalline cellulose,
enzymes must cleave three types of glycosidic bonds. These
enzymes are endocellulases, which cleave beta-1,4 glyco-
sidic bonds that reside within intact cellulose strands in the
crystalline face, non-reducing-end exocellulases, which
remove cellobiose units from the non-reducing end of cel-
Iulose strands, and reducing-end exocellulases, which
remove glycosyl units from the reducing-end of a cellulose
strand. The endocellulolytic reaction is essential because it
creates the non-reducing and reducing ends that serve as the
starting point for exocellulolytic reactions. The exocel-
Iulolytic reactions are essential because they remove glyco-
syl groups in a processive manner from the breakages in the
cellulose strand introduced by the endocellulases, thus
amplifying the single initiating reaction of the endocellu-
lases.

Although a large number of Streptomyces species can
grow on biomass, only a small percentage (14%) have been
shown to efficiently degrade crystalline cellulose. Further-
more, the secreted cellulolytic activities of only a few
species have been biochemically characterized, and still
fewer species have been examined to identify key biomass
degrading enzymes. For example, Streptomyces reticuli is
one of the best-studied cellulose- and chitin-degrading soil-
dwelling Streptomyces; functional analyses of several
important cellulases and other hydrolytic enzymes have
been reported.
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Furthermore, polysaccharide monooxygenase (PMO)
activity with cellulose was identified using the CBM33
protein from Streptomyces coelicolor (Forsberg, et al.,
2011), which suggests Streptomyces may use both hydro-
Iytic and oxidative enzymes to deconstruct biomass. With
the tremendous amount of sequence data collected in the
past few years, and despite the view that Streptomyces make
important contributions to cellulose degradation in the soil,
genome-wide analyses of cellulolytic Streptomyces are only
recently being reported. For example, see Book, et al, Appl
Environ Microbiol 80:4692-4701, 2014.

In addition to their putative roles in carbon cycling in the
soil, Streptomyces may also potentiate biomass deconstruc-
tion in insects through symbiotic associations. Recent work
has identified cellulose degrading Strepromyces associated
with the pine-boring woodwasp Sirex noctilio, including
Streptomyces sp. SirexAA-E (ActE) (Adams, et al., 2011). S.
noctilio is a highly destructive wood-feeding insect that is
found throughout forests in Eurasia and North Africa and is
spreading invasively in North America and elsewhere.
While the wasp itself does not produce cellulolytic enzymes,
evidence supports the role of a symbiotic microbial com-
munity that secretes biomass-degrading enzymes to facili-
tate nutrient acquisition for developing larvae in the pine
tree.

The white rot fungus, Amylostereum areolatum, is the
best-described member of this community, and the success
of Sirex infestations is thought to arise from the insect’s
association with this cellulolytic fungal mutualist. However,
work with pure cultures has suggested that ActE and other
Sirex-associated Streptomyces are more cellulolytic than 4.
areolatum.

Needed in the art are improved compositions and organ-
isms for digestion of lignocellulosic materials. Specifically,
there is a need for industrialized Strepromyces that can
accept a greater complexity of less-expensive feedstocks.

DESCRIPTION OF THE FIGURES

This patent application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIGS. 1A-1C are a demonstration of highly cellulolytic
Streptomyces strains that contain suites of enzymes lacking
in industrialized strains that are necessary to consume cel-
Iulose as a food source. (A) is a model for enzymatic
hydrolysis of cellulose using up to five enzymes. (B) is an
example of a cellulolytic Streptomyces and a non-cel-
Iulolytic Streptomyces when cultured on filter paper as the
sole carbon source. The cellulolytic Streptomyces is capable
of growth and degradation of filter paper. (C) is an example
of a non-cellulolytic Strepromyces cultured with four differ-
ent carbon sources, and the strain is only capable of growth
on glucose and cellobiose.

FIGS. 2A-2B show standard cloning techniques that we
used to produce synthetic operons containing cellulolytic
genes from ActE to enable non-cellulolytic Strepromyces
strains to produce functional cellulase enzymes. (A) is a
diagram showing an example synthetic operon with pro-
moter, genes, RBS (ribosome binding sequences), and ter-
minator sequences. (B) shows a mechanism for cloning the
genes via PCR from genomic DNA and assembling using
Gibson assembly to create an operon like FIG. 2A. PCR
from genomic DNA is one way to generate genetic material
for construction of these operons. Another way is DNA
synthesis (including codon optimization) as in FIG. 4.
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FIG. 3 discloses three optimized synthetic operons
designed to express cellulase enzyme sets from three insect-
associated Streptomyces strains that were generated by arti-
ficial gene synthesis for heterologous expression in indus-
trialized, non-cellulolytic Streptomyces hosts. ActE (Sirex
woodwasp), Streptomyces sp. DpondAA-B6 (Dendroctonus
ponderosae mountain pine beetle), and Streptomyces sp.
LaPpAH-95 (Petalomyrmex phylax ant) are Streptomyces
strains isolated from their respective insect associations and
are characterized by high natural cellulolytic abilities.

FIG. 4 is a schematic diagram of the gene sequences for
synthetic operons that were optimized for highest predicted
expression in industrialized Streptomyces host strains.

FIG. 5 is a summary graph of the activity of secretomes
from industrial Streptomyces expressing single ActE cellu-
lases or gene cassettes as described above and in the
Examples.

FIG. 6 is a SDS-PAGE of S. lividans secretomes harbor-
ing combinatorial or control cellulolytic operons. Red labels
represent secretomes with the highest activity on cellulose.

FIG. 7 is a diagram of the activity of secretomes from S.
lividans harboring combinatorial or control cellulolytic
operons on amorphous cellulose (PASO). EV is an empty
vector control containing pSET190 plasmid without cellu-
lase genes. pACTE contains 5 ActE cellulase genes,
pActE-B contains 5 ActE cellulases plus the B6 GH12
cellulase, pB6 contains 5 DpondAA-B6 cellulases, and p95
contains 6 LaPpAH-95 cellulases.

FIG. 8 discloses the activity of secretomes from S. /ivi-
dans harboring combinatorial or control cellulolytic operons
on crystalline cellulose (filter paper). Samples are as
described in FIG. 7.

FIG. 9 discloses the activity of secretomes from S. /ivi-
dans harboring combinatorial or control cellulolytic operons
on lichenan. Samples are as described in FIG. 7.

FIG. 10 is a plot of the correlation between the days
required for strains to break filter paper in vivo and in vitro
cellulase activity of secretomes of S. /ividans containing
combinatorial (blue) or control cellulolytic operons (red).

FIG. 11 is a diagram disclosing the presence of genes
assigned from direct Illumina sequencing of S. /lividans
harboring combinatorial cellulolytic operons.

FIG. 12 is a diagram of combinatorial gene operons
produced for Example 2.

FIG. 13 is a document listing the protein sequences
examined in Example 2.

FIG. 14 is a document listing the DNA sequences exam-
ined in Example 2.

DESCRIPTION OF THE INVENTION

In one embodiment, the present invention is an optimized
set of enzymes useful to create an industrial Streptomyces
with the capability to grow on cellulosic polysaccharide
substrates.

In General

The Examples below disclose several embodiments of the
present invention, which is a general strategy for providing
an optimized set of heterologous genes (encoding an opti-
mized set of enzymes) for transformation into a host Strep-
tomyces species.

As disclosed in FIG. 1, one suitable enzyme cassette
comprises (1) a non-reducing-end exoglucanase from the
GH6 family, (2) endoglucanase from the GH5 and/or GH12
families, (3) an endoglucanase from the GH9 family, (4) an
auxiliary activity enzyme from the AA10 family, and (5) a
reducing-end exoglucanase from the GH48 family. The
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4

preferred enzyme cassette requires two different endogluca-
nases because these distinct enzyme fold families provide
variations in catalytic properties that contribute to enhanced
cellulolytic capability. An AA10 enzyme uses copper(1l)
ions, reducing agents and O2 gas to degrade cellulose in an
oxidative manner that is complementary to the hydrolytic
reactions carried out by the GH family enzymes. In a
preferred embodiment, the genes in the cassette are not from
a single species.

A second embodiment of the present invention is a
heterologous gene cassette wherein at least two of the
enzymes described in (1)-(5), above, are present in the
cassette. Preferably, the cassette comprises the endogluca-
nase from the GH9 family, preferably isolated from Strep-
tomyces LaPpAH-95, and an endoglucanase from the GHS
and/or GH12 families, preferably the GH12 endoglucanase
isolated from Streptomyces DpondAA-B6. In another
embodiment, the cassette comprises ActE-GHS, B6-GH9,
and B6-GH12, as described below in the Examples.

By “the capability of growing on cellulosic polysaccha-
ride substrates,” we mean that the transformed organism is
better able to grow on biomass, preferably at least one of the
following substrates: cellulose, hemicellulose, paper, or
wood products. Biomass is generally defined as organic
materials, such as plant matter and manure, which have not
become fossilized and can be used as a fuel or energy source.
Of particular importance to the present invention is biomass
composed of plant material, vegetation, or agricultural
waste. Wood is the largest biomass energy source. Forest
residues (such as dead trees, branches and tree stumps), yard
clippings, and wood chips are all examples of wood bio-
mass. Non-wood biomass includes plant or animal matter
that can be converted into fibers or other industrial chemi-
cals, including biofuels. Non-wood biomass can be grown
from numerous types of plants, including miscanthus,
switchgrass, hemp, corn, poplar, and willow.

Other substrates include corn stover, prickly pear cactus
cladodes, kelp, sorghum, straw, poplar, eucalyptus, pine,
sugarcane bagasse, cotton, bamboo, nut shells, bark, saw-
dust, wood chips, and paper mill waste. In the Examples
below, the model cellulosic polysaccharide substrate is
phosphoric acid-swollen cellulose (PASO). The ability of an
organism to degrade this substrate would be useful to
understand whether a recombinant organism is within the
scope of the present invention.

We specifically envision that the present invention will be
useful for treated (or pretreated) and untreated biomass.
Preferably, the organism is able to break down insoluble,
recalcitrant polysaccharides such as cellulose, hemicellu-
lose, and mixed polysaccharide biomass to produce small
oligomeric and/or monomeric, soluble sugars that it can
import for use as a nutritional carbon source. This in turn is
utilized by the cell for the increased production of cel-
Iulolytic enzymes, increased cell growth density, and/or for
the production of other value-added metabolites. Cel-
Iulolytic activity may be measured as described below in the
Examples or by other methods known to those of skill in the
art.

By “heterologous,” we mean that the genes in the cassette
do not naturally occur in the host species.

Specific Combinations of Enzymes

The Examples below disclose particularly advantageous
combinations of heterologous enzymes, preferably pre-
sented to the host Streptomyces as an operon or cassette. In
one embodiment, each operon typically comprises at least
two members selected from a GH6 gene, a PMO gene, a
GH48 gene, a GH5 gene and either (a) a GH9 gene, (b) a
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GH9 gene and a GH12 gene or (c) a GH12 gene. Many of
the CAZy (Carbohydrate-Active enZYmes database) classes
(for example, GHS, GHS6, etc.) contain multiple types of
enzymes, unified by their general type of reaction and
diversified by substrate specificity and product formation.
Table 1, below, describes preferred members of the classes.
Preferably, the genes are obtained from more than one
species.

6

clades). For more information, see Book A I, Lewin G R,
McDonald B R, Takasuka T E, Wendt-Pienkowski E, Doer-
ing D T, Suh S, Raffa K F, Fox B G, Currie C R. 2016.
Evolution of high cellulolytic activity in symbiotic Strepto-
myces through selection of expanded gene content and
coordinated gene expression.

In three specific preferred combination, the gene cassettes
are as disclosed in FIG. 3.

TABLE 1
GH GH
CAZy Enzyme catalytic  catalytic protein
gene Enzyme Commission Reaction proton nucleophile/  fold structural Add’l
class name (EC) # mechanism  donor base clan class specs
GHS endo-beta- EC 3.2.1.4  Retaining Glu Glu GH-A  (beta/alpha) 8
1,4- hydrolysis
glucanase
GH6 non- EC 3.2.1.91 Inverting Asp Asp processive
reducing hydrolysis
end
cellobiohydrolase
GH9 endoglucanase EC 3.2.1.4  Inverting Glu Asp (alpha/alpha) 6
hydrolysis
GH12  endoglucanase EC 3.2.1.4  Retaining Glu Glu beta-jelly
hydrolysis roll
GH48  reducing- EC Inverting Glu GH-M  (alpha/alpha) 6 processive
end 3.2.1.176 hydrolysis
cellobiohydrolase
AA10  copper- Oxidative Not Not previously
dependent applicable applicable called
Iytic CBM33,
polysaccharide PMO or
Monooxygenase LPMO
(LPMO)

In one embodiment of the invention, the genes encoding
the CAZy classes are selected from highly-cellulolytic
Streptomyces strains, such as the insect-associated strains
Streptomyces sp SirexAA-E (ActE), Streptomyces Dpon-
dAA-B6, and Streptomyces LaPpAH-95. Preferred embodi-
ments are listed in Example 2. The paragraph below includes
each of the enzymes in Example 2 listing their NCBI
reference numbers. This reference number can be searched
at the NCBI website to find the exact protein sequence used
to create synthesized/optimized DNA. FIG. 13 is a docu-
ment listing the protein sequences for the Example 2 experi-
ments (SEQ ID NO:1 and 3-17) and FIG. 14 is a document
listing the DNA sequences after optimization (SEQ ID NO:2
and 18-32).

Organism CAZy Family NCBI Reference Number
ActE GH48 AENO08183.1
ActE GHS5 AEN08423.1

ActE GH6 AEN08184.1
ActE GH9 AEN11565.1
ActE LPMO AEN11025.1
DpondAA-B6 GHI12 WP_028441901.1
DpondAA-B6 GH48 WP_028441980.1
DpondAA-B6 GH6 WP__078552084.1
DpondAA-B6 GH9 WP__028439469.1
DpondAA-B6 LPMO WP_028441526.1
LaPpAH-95 GHI12 WP_018105227.1
LaPpAH-95 GH48 WP_018105228.1
LaPpAH-95 GHS5 WP_018104961.1
LaPpAH-95 GH6 WP_026171800.1
LaPpAH-95 GH9 WP_018105029.1
LaPpAH-95 LPMO WP__018099987.1

In another embodiment of the invention, the genes are
selected from Streptomyces clades 1 and 111 (the cellulolytic
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The enzyme combination of the present invention is
optimally presented to the Streptomyces as a gene cassette,
preferably under the control of a single constitutive pro-
moter, such as the ermE* promoter described below. Other
useful elements include the use of ribosomal binding site
(RBS) sequences. A successful operon must have a promoter
in order to initiate transcription of the subsequent genes.
Many promoters could substitute for the ermE promoter
used in the Examples. We chose one of the most commonly-
used promoters for genetic engineering in these organisms.
A terminator at the end is desirable to increase the stability
of the transcript and to allow RNA polymerase to finish a
transcript and begin a new one. Likely many different kinds
of terminators could substitute. Many studies do not include
a terminator and generate acceptable results. Every gene
requires an RBS for the ribosome to bind the transcript and
initiate translation at the next start codon. Random sequence
upstream of a gene will initiate ribosome binding at an
extremely low rate, so sequence that is tailored to attract
ribosomes is essential for efficient enzyme production.

In a preferred version of the present invention, the gene
order is the same as that disclosed below in the Examples.
We chose a gene order based on wild-type expression of the
enzymes in the ActE organism (from highest expressed to
lowest) and then continued that pattern with the homologous
genes from B6 and 95 strains. However, this gene order does
not exist in nature. The preferred gene optimization is
designed to minimize a gene order effect by altering repeti-
tive sequence that could affect translation of each gene and
neighboring genes.

In a preferred version of the present invention, the genes
are subjected to a gene optimization strategy to substantially
optimize enzyme expression compared to the wild-type
sequences. In the case of wild-type genes that don’t appear
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to express in the host strain, “substantially” optimized
means that expression is high enough to be clearly detect-
able from a 10 uL load on a Coomassie Stained SDS-PAGE
gel after 10-fold concentration of cell supernatant. The
minimum level for this detection is approximately 10 ug/mL
(assuming 100 ng comprises a clearly detectable protein
band). A substantial improvement in expression of a wild-
type gene that does express in the host at a low level would
be at least two times higher that this low threshold.

One typical optimization would be to change any alter-
native start codons (TTG, GTG, or CTG) to the standard
ATG start codon. Another optimization would alter codon
usage to remove repetitive sequence that is predicted to
produce transcript hairpins which can interfere with trans-
lation. One may also wish to modify codon usage to sub-
stitute rare codons (e.g. TTA) to preferred codons or to alter
codon usage to facilitate artificial gene synthesis. These
modifications are predicted to substantially optimize
enzyme expression compared to the wild-type sequences.

One may wish to consult gene optimization strategies
utilizing the GeneDesign tool (http://genedesign.jbei.org),
the in-house JGI Sequence Polishing Library tool, or manual
manipulations to accomplish the above objectives. The
cassettes of the present invention are then introduced into a
host Streptomyces in any suitable manner. One of skill in the
art would understand that there are numerous suitable ways
to achieve this result. One suitable reference would be the
book Practical Streptomyces Genetics by Kieser T, Bibb M
J, Buttner M I, Cjater K F, and Hopwood D A (2000). The
important techniques include protoplast transformation and
conjugation from E. coli. There are other techniques as well,
all described in chapter 10, “Introduction of DNA into
Streptomyces”.

Suitable Streptomyces Host Strains

As described below, particularly suitable Streptomyces
strains are S. lividans or S. venezuelae strains. However,
other commercially important Streptomyces are S. coelicolor
and S. griseus. Other suitable strains include Strepromyces
clavuligerus, Streptomyces hygroscopicus, and Streptomy-
ces viridochromogenes, and Streptomyces avermitilis.

EXAMPLES
Example 1
Optimized Set of Enzymes

FIGS. 1 through 5 disclose a set of experiments designed
to discover an optimized set of enzymes useful to create an
industrial Streptomyces with the capability to grow on
cellulosic polysaccharide substrates.

FIG. 1 is a demonstration of an essential suite of enzymes
from highly cellulolytic Streptomyces strains that are nec-
essary to consume cellulose as a food source. These
enzymes are lacking in industrialized strains such as Strep-
tomyces griseus, Streptomyces venezuelae and others. Refer-
ring to FIG. 1, (A) is a schematic showing a single cellulose
chain being deconstructed into cellobiose units (composed
of'two beta-1,4-linked glucose units) by the critical enzymes
classes that aid in cellulose consumption by natural highly
cellulolytic Streptomyces strains. (B) demonstrates that the
wood wasp-associated Streptomyces sp. SirexAA-E (ActE)
consumes a 1x10 cm cellulose filter paper strip as the sole
carbon source in under 5 days, while the industrialized
Streptomyces griseus, lacking the critical suite of functional
enzymes, is unable to efficiently grow. (C) depicts industri-
alized Streptomyces venezuelae strain readily growing when
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8

glucose or cellobiose is the sole carbon source but lacking
functional celluloytic enzymes to efficiently grow using
cellulose or filter paper as the sole carbon source, as evi-
denced by the absence of mycelial clumping.

FIG. 2 shows standard cloning techniques that we used to
produce synthetic operons containing cellulolytic genes
from ActE to enable non-cellulolytic Streptomyces strains to
produce functional cellulase enzymes. Referring to FIG. 2,
(A) is a diagram showing an operon designed to express five
specific ActE cellulase genes in Streptomyces [Gene 1D
number (CAZy enzyme class)]: SACTE_0237 (GH6);
SACTE_3159 (LPMO); SACTE_0236 (GH43);
SACTE_0482 (GHY); and SACTE_3717 (GH9). The five
genes are critical for the cellulolytic capabilities of ActE
based on proteomic and transcriptomic analyses and have
non-redundant biochemical functions. The synthetic operon
also contains a constitutive high-expression promoter (P21p
or ermE*, Siegl et al, 2013), ribosome-binding-site
sequences (from Siegl et al., 2013 or calculated for each
gene as in Espah Borujeni et al., 2014), and the synthetic
terminator BBa_B1006 (Cambray et al., 2013). (B) shows
the result of ActE cellulase genes amplified with comple-
mentary overlapping sequences and assembled with New
England Biosciences NEBuilder HiFi DNA Assembly to
produce complete synthetic operons. The arrangement of
these genes does not exist in nature, as they are under the
control of different promotors, have different RBS
sequences, and can be transcribed in opposite directions.
The arrangement we’ve created takes advantage of placing
the most highly expressed natural protein as the first gene.

FIG. 3 discloses optimized synthetic operons designed to
express cellulase enzyme sets from three different insect-
associated Streptomyces strains. These enzyme sets were
generated by artificial gene synthesis for heterologous
expression in industrialized, non-cellulolytic Strepromyces
hosts. ActE (Sirex woodwasp), Streptomyces sp. Dpond A A-
B6 (Dendroctonus ponderosae mountain pine beetle), and
Streptomyces sp. LaPpAH-95 (Petalomyrmex phylax ant)
are Streptomyces strains isolated from their respective insect
associations and are characterized by high natural cellulolyic
abilities. Transcriptomic and/or proteomic analyses of these
strains revealed high-abundance cellulases of CAZy enzyme
classes (http://cazy.org): GH6; AA10 (also abbreviated as
LPMO or PMO); GH48; GH5; GH9; and GH12. Synthetic
operons were designed to include the ermE* promoter, gene
sequences with optimized RBS spacers (calculated by Espah
Borujeni et al, 2014), and the synthetic terminator
BBa_B1006 (Cambray et al., 2013). The complete synthetic
operons were synthesized as a service by the Joint Genome
Institute (JGI) and inserted into the pSET152 vector for
integration into industrialized host strains Strepromyces livi-
dans and Streptomyces venezuelae. (See Bierman et al,
1992, Gene 116:43-49, for information about pSET152.)

FIG. 4 is a schematic diagram of the gene sequences for
synthetic operons that were optimized for highest predicted
expression in industrialized Streptomyces host strains. The
gene sequences specified in FIG. 3 were subjected to a gene
optimization strategy to 1) change any alternative start
codons (TTG, GTG, or CTG) to the standard ATG start
codon, 2) alter codon usage to remove repetitive sequence
that is predicted to produce transcript hairpins which can
interfere with translation, 3) modify codon usage to substi-
tute rare codons (e.g. TTA) to preferred codons, and 4) alter
codon usage to facilitate artificial gene synthesis. These
modifications are predicted to substantially optimize
enzyme expression compared to the wild-type sequences.
The gene optimization strategy utilized the GeneDesign tool
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(http://genedesign.jbei.org), the in-house JGI Sequence Pol-
ishing Library tool, and manual manipulations to accom-
plish the above objectives.

As an example of the optimization strategy, ActE genes
SACTE_0237 (GH6), SACTE_3159 (LPMO),
SACTE_0236 (GH48), SACTE_0482 (GHS5), and
SACTE_3717 (GH9) are depicted with shaded lines (refer-
ring to FIG. 4) indicating the positions of nucleotide sub-
stitutions, the percent identity between wild-type and opti-
mized sequences, and the change in GC nucleotide content
after optimization. See Exhibit D of Ser. No. 62/318,399 for
exemplary optimized gene sequences.

FIG. 5 is a summary graph of the activity of secretomes
from industrial Streptomyces expressing single ActE cellu-
lases or gene cassettes as described above. Expression of
single genes or the entire gene cassette is under control of a
single constitutive ermE* promoter (Siegl et al., 2013). The
importance of the cellulolytic genes in creating an active
secretome was established by control experiments (FIG. 5,
A-F) using wild-type (WT) ActE (A.), S. lividans (C.), and
S. venezuelae (E.) or these same strains transformed with
empty pSET152 vector lacking cellulolytic genes (SET)
ActE (B.), S. lividans (D.), and S. venezuelae (F.).

Secretomes were prepared in the following manner.
50-mL cultures of individual ActE, S. /ividans or S. venezu-
elae WT, SET, individual cellulolytic gene, or cassette
transformants were grown in YEME (yeast extract/malt
extract media, Kieser et al.) (medium with 0.05% antifoam
A for 4 d at 28° C. with shaking at 275 rpm. Cultures were
treated with protease inhibitor cocktail (Roche complete
EDTA-free), centrifuged twice for 30 minutes at 4° C. and
4,300xg, and vacuum-filtered through a glass pre-filter fol-
lowed by a 0.2 micron PES filter.

The filtrates were concentrated at 4° C. using Vivaspin
Turbo-15 PES 10,000 MWCO centrifugal concentrators
(Sartorius Stedim) to 2-3% of the starting volume, and
exchanged three times using 10 mM MOPS, pH 7, 50 mM
NaCl to lower reducing sugar levels in the media. Desalted
secretomes were concentrated to approximately 2 mL vol-
ume and analyzed by SDS-PAGE to determine the secreted
protein expression profile. Total protein concentration was
measured using a Bio-Rad protein assay.

Cellulolytic activity was measured using the 3,5-dinitro-
salicylic acid assay (DNS; Miller, 1959) to detect reducing
sugar products. Briefly, 20 pg of total secretome protein was
combined with 500 pg of phosphoric acid-swollen cellulose
(PASC), 10 mM MES,; pH 6, 5 mM ascorbate, and 0.025%
sodium azide in a volume of 50 pL. Duplicate reactions were
incubated at 42° C. for 22 h with agitation. Individual
secretomes, prepared as described above, were used in all
cellulolytic activity assays with the exception of PMO/5/6/
9/48, which contained roughly equimolar mixtures of secre-
tomes G., H, 1., J., and K. for a total load of 20 pg protein.
The ActE secretome positive control consists of 20 pg of
purified ActE secretome harvested from a 6 d growth of
ActE on 0.3% PASC in M63 defined medium.

Cellulolytic activity assays were briefly centrifuged and
30 uL of the soluble fractions were combined with 60 pL of
DNS reagent in a microplate alongside glucose concentra-
tion standards, heated to 95° C. for 5 min, then cooled to 4°
C. Reactions were diluted 7.5-fold with water and the
absorbance at 540 nm was measured using a Tecan plate
reader. The concentration of reducing sugar was determined
from a linear plot of standard absorbance versus concentra-
tion. The percentage conversion was determined following
background correction from no-substrate and no-enzyme
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controls, and plotted as percentage of the mass of reducing
sugar released per mass of polysaccharide substrate.

Referring to FIG. 5, S. lividans or S. venezuelae strains
were created that contained integrated copies of single ActE
cellulase genes SACTE_0236 (GH48 reducing-end cello-
biohydrolase, G), SACTE_0237 (GH6 non-reducing end
1,4-beta cellobiohydrolase, H), SACTE_3159 (AA10 lytic
polysaccharide monooxygenase PMO, I), SACTE_0482
(GHS5 endoglucanase, J), or SACTE_3717(GH9 endogluca-
nase, K). (By “integrated,” we mean that organisms con-
tained a single copy of the gene inserted into the chromo-
some.) Addition of single genes gave a more active
secretome than observed in WT or SET versions of Strep-
tomyces lividans. Also, combination of approximately equal
amounts of the five secretomes containing individual
enzymes gave a synergistic increase in secretome activity
over that obtained by individual enzymes (L. PMO/5/6/9/48)
in digestion of PASC. This combination of enzymes, pro-
duced in industrial strain Streptomyces lividans, has 85% of
the PASO conversion ability of the natural highly cel-
Iulolytic secretome produced by ActE, U).

Cassettes consisting of five ActE cellulase genes (cassette
A), 5 Dpond-AA B6 genes (cassette B), a cross-species
combination of 5 ActE cellulase genes plus the Dpond-AA
B6 GHI12 endoglucanase gene (cassette AB), or single
species combination of 6 LaPpAH-95 genes (cassette 9)
were also investigated. Expression of the entire gene cassette
is under control of a single constitutive ermE* promoter
(Siegl et al., 2013). Each gene in the cassette is preceded by
an optimized ribosome-binding site (RBS). The cassettes
were tested in Streptomyces lividans and Streptomyces ven-
ezuelae, two industrial Streptomyces strains that otherwise
lack the ability to grow on cellulose.

The combination of cassette and industrial Streptomyces
strain gave different results. All cassettes imparted the ability
to degrade cellulose above that observed in the VVT and
SET strains, demonstrating the ability to transfer a natural
cellulolytic ability into an industrial strain. The cellulolytic
activity of the secretome produced from the cassette was
equivalent to that obtained by the more complicated process
of expression of single proteins and remix into a multi-
enzyme secretome. Moreover, the activity of the secretomes
produced from the cassettes was comparable to the PASO
conversion ability of the natural highly cellulolytic secre-
tome produced by ActE.

The potential for other optimizations arising from com-
bination of cassettes and Streptomyces strains is suggested
by FIG. 5. For example, the A and AB cassettes gave strong
activity when transformed into Streptomyces venezuelae (Q.
and R.), but lesser (albeit considerably above background)
activity when transformed into Streptomyces lividans (M.
and N.). In contrast, cassettes B and 9 gave comparable, high
activity in both industrial strains (compare O. and P. with S.
and T.)

Example 2
Combinatorial Library

FIGS. 6-11 describe a set of experiments designed to
explore a minimal combination of genes required for
enhanced cellulolytic activity. A combinatorial library was
formed and examined.

Cassette Design

Synthetic operons were designed to contain one gene
copy for the enzyme classes GH6, LPMO, GH48, and GHS5
and with either a GH9 or a GH12, or both. Synthetic operons
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contain ribosome binding sequences (RBS) preceding each
gene (e.g., see (1) for de novo RBS prediction), a promoter
sequence (e.g., the constitutive promoter ermE*p (2, 3))
preceding the first gene, and a terminator sequence follow-
ing the last gene. Gene sequences may be optimized for
codon usage (e.g., (4)).

A combinatorial library was designed using 16 highly-
expressed cellulases from three cellulolytic isolates: Strep-
tomyces sp. Sirex AA-E (ActE), Streptomyces sp. Dpond AA-
B6 (B6), and Streptomyces sp. LaPpAH-95 (95). The set of
ActE genes contains GH6, LPMO, GH48, GHS, and GH9
genes. The set of B6 genes contains GH6, LPMO, GH48,
GHI12, and GH9 genes. The set of 95 genes contains GH6,
LPMO, GH48, GHS5, GHY9, and GHI12 genes. Each gene
sequence was synthesized de novo and assembled using
Gibson assembly (5) to create a library with every possible
combination of GH6-LPMO-GH48-GHS5-GH9-GH12. In
all, 324 (3x3x3x2x3x2) combinations are possible. Each
member of the combinatorial library includes RBS
sequences, the ermE*p promoter, and a terminator
sequences as described above and is inserted into the cloning
site of the pSET152 plasmid.

Combinatorial Library Construction

A DNA library containing each of the 324 synthetic
operon combinations was prepared at an equimolar concen-
tration. Streptomyces lividans 1326 protoplasts were pre-
pared according to page 56 of (8) and transformed with the
DNA library according to page 232 of (8). The spores from
~3,000 unique transformants were harvested and stored in
35% glycerol at —80° C. Spores were germinated at 30° C.
with shaking for 4 hours in 2xYT medium (2xyeast extract/
tryptone media, Kieser et al.), then centrifuged and resus-
pended in M63 minimal medium before being spread on
M63 (minimal media, see Balows A. The Prokaryotes: A
Handbook on the Biology of Bacteria. 2nd Ed, New York:
Springer-VErlag: 1992) minimal agar containing 0.5, 1, 1.5,
or 2% SigmaCell cellulose as the sole carbon source and 50
ng/ml. apramycin. (SigmaCell cellulose is a purified highly
crystalline form of cellulose that presents a formidable
challenge as a growth substrate.) Exceptional strains were
chosen based on larger colony size, pigmentation, and/or
presence of spores, which were then cultured on IWL4 agar
with 50 pg/ml apramycin and spores collected after 14 days
to 35% glycerol at —80° C.
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Secretome Activity Assay

A. Culture Growth Conditions

Fifty mL of 2YT media containing 50 pg/ml apramycin
were inoculated from spore stocks and grown in 250 mL
Erlenmeyer flasks containing springs to break up mycelial
growth at 30° C. for 66 h.

B. Secretome Harvest

Cultures were transferred to 50 mL conical tubes and
centrifuged at 4,000xg for 15 min at 4° C. in a swinging
bucket rotor. Supernatants were vacuum filtered through 47
mm-diameter, 0.22-micron PES filters and were then con-
centrated using 10,000 MWCO PES-membrane spin con-
centrators (Sartorius Vivaspin Turbo 15) until each secre-
tome was ~1.5 mL. The volume was readjusted to 15 mL
using 10 mM MOPS pH 7, 50 mM NaCl, and the secretomes
were reconcentrated to ~1.5 mL. Buffer exchange was
repeated three times, ending with a final concentration of
~1.2 ml./secretome.

C. Total Protein Analysis

i SDS-PAGE: 8 uL of each secretome was loaded onto a
4-20% acrylamide SDS-PAGE gel after heating to 95° C. 2
min in the presence of SDS and f-mercaptoethanol. The gel
was imaged using tryptophan fluorescence imaging (Bio-
Rad GelDoc EZ imaging system with Stain-Free SGX
Criterion gel; see FIG. 6). FIG. 6 is an SDS-PAGE of S.
lividans secretomes harboring combinatorial or control cel-
Iulolytic operons. Red labels represent secretomes with the
highest activity on cellulose.

ii BCA assay: Total protein in each secretome was mea-
sured using a standard bichinchonic acid (BCA) micro-assay
(Thermo/Pierce) on 5-fold diluted secretomes in water with
a bovine serum albumin standard curve.

iii Mass spectroscopy: Pellets from methanol (MeOH)
precipitation of extracellular protein samples were resus-
pended and trypsin digested in urea, tris(2-carboxyethyl)
phosphine (TCEP), chloroacetamide buffer overnight. Each
sample was desalted and peptides separated over a 75 umi.d.
30 cm long capillary with an imbedded electrospray emitter
and packed with 1.7 um C18 BEH stationary phase. Eluting
peptides were analyzed with an Orbitrap Fusion Lumos in
data dependent top 1 second mode. Raw files were analyzed
using MaxQuant 1.5.2.8, searching for predicted fragments
from the 16 cellulase sequences.

TABLE 2

Mass spectral counts of selected S. lividans secretomes containing

combinatorial or control cellulolytic operons. DPondAA-B6 GH9 and GH12
were the predominant cellulases identified in secretomes with the highest

activity.
Protein Intensity  Intensity  Intensity  Intensity PSM PSM PSM PSM
IDs 15_4 1.5_17 2_5 pB6 1.5_4 1517 2.5 pB6
A_GHS5 2.E+08 6.E+06 3.E+06 1.E+06 6 0 0 0
A_GH9 3.E+06 0.E+00 9.E+05 5.E+06 1 0 0 2
B_GHI12 2.E+10 5.E+08 1.E+10 1.E+10 42 9 88 73
B__GH9 4.E+10 4.E+08 6.E+09 1.E+10 146 13 60 91

Filter Paper Screening

Spores from exceptional strains were added to 2xYT with
50 pg/ml. apramycin and grown for 3 days at 30° C. with
shaking. 200 uL of each culture was added to 5 mL of M63
media with a 1x10 cm Whatman paper strip as the sole
carbon source. After growth at 30° C. with shaking, the filter
paper strip from 20 exceptional strains broke within 7-13
days, which compares to >30 days for VVT S. lividans or S.
lividans transformed with pSET152 empty vector.
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D. Activity Assay

The dinitrosalicylic acid (DNS) assay (7) was performed
in duplicate for each secretome by reacting them with 500 ng
of neutralized, phosphoric acid swollen cellulose (PASO;
amorphous cellulose, FIG. 7), 500 g of filter paper (FP;
crystalline cellulose, FIG. 8), or 500 pg of lichenan (p-1,4-
and p-1,3-linked glucan, FIG. 9) in thin-walled strip tubes
with 50 pL. reaction volume. Each tube contained 20 pL of
secretome protein, 25 pl. of 20 mg/ml. substrate solution
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(prepared in water with 0.05% sodium azide, and 5 ulL of 10
mM MES, pH 6. Secretome- and substrate-alone samples
were included as controls. Tubes were incubated at 42° C.
for 21 h for PASO and filter paper reactions, 4.5 h for
lichenan reactions).

Tubes were centrifuged at 2500xg for 5 min and 30 pul of
the supernatant was transferred to thin-walled PCR plates,
combined with 60 ul. of DNS reagent (3,5-dinitrosalicylic
acid), and heated to 95° C. for 5 min. Glucose stock
solutions at concentrations ranging from 0.5 to 1.5 mg/mL.
were included in the plate for generating a reducing sugar
standard curve. 25 pl. of the reactions or standards were
combined with 125 uL. of water in a U-bottom polystyrene
96-well plate and the absorbance was measured at 540 nm.
Absorbance intensity is directly proportional to the amount
of reducing sugar present and is proportional to cellulase
activity. Activity was determined as the percentage of reduc-
ing sugar generated from 500 pg of polysaccharide sub-
strate. Values were normalized to the activity present in 10
ng of total protein. The in vivo strain activity in the filter
paper assay (described in Section 3) was compared to the in
vitro secretome activity on PASO in FIG. 10.

E. Results of Activity Assay

Results of the activity assay are disclosed in FIGS. 7-11.
FIG. 7 is a diagram of the activity of secretomes from S.
lividans harboring combinatorial or control cellulolytic
operons on amorphous cellulose (PASO). EV is an empty
vector control containing pSET152 plasmid without cellu-
lase genes. pACTE contains 5 ActE cellulase genes,
pActE-B contains 5 ActE cellulases plus the B6 GH12
cellulase, pB6 contains 5 DpondAA-B6 cellulases, and p95
contains 6 LaPpAH-95 cellulases. From these results, we
learned that at least two strains exhibited cellulase activity at
least two fold higher on PASO than the best performing,
non-combinatorial control operon, pB6.

FIG. 8 discloses the activity of secretomes from S. /ivi-
dans harboring combinatorial or control cellulolytic operons
on crystalline cellulose (filter paper). Samples are as
described in FIG. 7. From these results, two strains exhibited
cellulase activity at least two-fold higher on filter paper than
the best performing, non-recombined control operon, pB6.

Similarly, FIG. 9 discloses the activity of secretomes from
S. lividans harboring combinatorial or control cellulolytic
operons on lichenan, another cellulose source. Samples are
as described in FIG. 7. From these results, three strains
exhibited glucanase activity significantly higher on lichenan
(a polysaccharide consisting of alternating beta-1,3-glucan
and beta-1,4-glucan linkages) than the best performing,
non-recombined control operon, pB6.

FIG. 10 is a plot of the correlation between the days
required for strains to break filter paper in vivo and in vitro
cellulase activity of secretomes of S. /ividans containing
combinatorial (blue) or control cellulolytic operons (red).
This figure is correlating the in vivo activity of the strain
using filter paper as a sole carbon source with the in vitro
activity of the actual secreted protein on cellulose. The latter
result is a direct measure of the secreted products of the
cassette plus other secreted /ividans proteins. This correla-
tion is of interest as it shows the relationship between strain
metabolic activity and actual secreted protein and can help
indicate the best route toward commercial success of the
invention. One application of the modified strains could be
to use the living engineered strain for biomass digestion and
another application could be to harvest the secreted proteins
generated from the strain.
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5. Genomic Data

Spores from 10 exceptional strains were added to 5 mL of
SGGP (0.4% tryptone, 0.4% yeast extract, 0.05% MgSO,,
1% glucose. 0.2% glycine, 0.01 M potassium phosphate
buffer, pH 7.0) medium with 50 pg/ml. apramycin, and
genomic DNA was purified according to page 162 of (8).
DNA samples were submitted to the University of Wiscon-
sin Biotechnology Center for library preparation and
sequencing. Sequencing was performed via [llumina MiSeq
with a paired-end 220-bp read length. Both raw reads and
Bowtie 2 (9) assemblies were examined for matches to
genes from the combinatorial library.

FIG. 11 is a diagram disclosing the presence of genes
assigned from direct Illumina sequencing of S. /lividans
harboring combinatorial cellulolytic operons. The combina-
tion of GH9 from 95 and GH12 from B6 (isolate 2-5) is a
preferred combination because of the increased cellulolytic
activity of this isolate. Combinations of GH9 (from B6),
GHI12 (from B6), and GHS5 (from ActE) are also preferred.

FIG. 12 is a diagram containing examples of combinato-
rial gene operons produced for the Example 2 experiments.
Each strain may contain a GH6, LPMO, GH48, GHS5, GH9,
and GH12 derived from any of the three host cellulolytic
Streptomyces strains as depicted. Optimal cellulolytic
operon combinations are selected by the engineered strain’s
ability to break filter paper faster than wild-type host strains
and/or strains expressing the non-combinatorial operons
described in FIG. 3.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 35
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 600
TYPE: PRT

ORGANISM: Streptomyces LaPpAH-95

<400> SEQUENCE: 1

Met Leu His Pro Leu Phe Ala Ala

1

Arg Thr Arg Arg

10

Arg

Val Ala Thr Ala

20

Ala Pro Leu Ala Ala

25

Leu Leu Leu Gly

Ser Ala Asp Ala Ala Arg Ala Ala Ala Ala Gly Ser Gly

Thr Gln Ile Ala Ala Gln

60

Leu Asn Pro

55

Ser
50

Gly Arg Asp

Ala
65

Ile Phe

70

Phe Glu Thr Ala

75

Gly Asn Trp Gly Asn Tyr

Gly Met Ile Gln

90

Leu Trp Ser Arg Asp Tyr Lys Ser Asp

Thr Ile Pro Ser

105

Asn Leu

100

Leu Gly Tyr Arg Tyr Asp Asp

Thr Glu

115

Gly Ala Ile Ala Met

125

Asn Ser

120

Pro Ser Tyr Gly

Ala
130

Leu Gln Val Met Ile

135

Leu Gly Leu Asn Ser Asp Arg

140

Ala
145

Gly Phe Met vVal Ile His

150

Ser Gly Lys Leu Asp

155

Arg

Ala Gln Ala Thr

170

Ser Leu Ser Ala Val

165

Ser Gly Trp Tyr

Thr Ala

180

Leu Ala Ala

185

Trp Leu His Leu Lys Ser Arg Tyr

Ala Val

195

Val Ile Glu His

205

Leu His Asn Pro

200

Asp Gly Asp

Thr
215

Cys Trp Thr Leu

210

Gly Cys Gly Asp Lys Asp Trp Arg

220
Ala Ala
230

Ala Pro Leu

235

Arg Asn Leu Ser Asn

225

Gly Gly Asp

Val Glu Gly Val Gln Thr Val Asp Gly Val Ser Gly Trp

Thr

His

30

Tyr

Val

Val

Met

Ile

110

Asn

Val

Arg

Pro

Ala

190

Asp

Ala

Leu

Trp

Val
15

Ala
Pro Ala
Trp His
Arg Ile

His
80

Pro

Arg Ser

Phe Ala

Thr Asp

Asp His

Pro Asp

160

Glu
175

Ser

Gly Asn

Pro Ala

Ala Gln

Ile Phe

240

Gly Gly
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-continued

245 250 255

Asn Leu Met Gly Val Gly Gln Tyr Pro Val Glu Leu Ser Val Pro His
260 265 270

Lys Val Val Tyr Ser Ala His Asp Tyr Ala Thr Ser Val Ala Gln Gln
275 280 285

Pro Trp Phe Thr Asp Ser Ser Phe Pro Asp Asn Met Pro Gly Val Trp
290 295 300

Asp Lys Tyr Trp Gly Tyr Ile Phe Lys Gln Asn Ile Ala Pro Val Trp
305 310 315 320

Val Gly Glu Phe Gly Thr Thr Leu Gln Ser Thr Thr Asp Gln Lys Trp
325 330 335

Leu Lys Ala Leu Ala Asp Tyr Leu Arg Pro Thr Ser Gln Tyr Gly Ala
340 345 350

Asp Ser Phe Ser Trp Thr Phe Trp Ser Trp Asn Pro Asn Ser Gly Asp
355 360 365

Thr Gly Gly Ile Leu Lys Asp Asp Trp Thr Ser Val Asp Thr Val Lys
370 375 380

Asp Gly Tyr Leu Ala Ser Ile Lys Ala Pro Asp Phe Gly Asn Gly Gly
385 390 395 400

Gly Ser Gly Gly Asp Asp Asp Thr Gln Ala Pro Thr Ala Pro Thr Gly
405 410 415

Leu Ala Val Thr Gly Thr Thr Gly Thr Ser Val Ser Leu Ser Trp Lys
420 425 430

Ala Ala Ser Asp Asp Thr Gly Val Thr Ala Tyr Asp Val Tyr Arg Gly
435 440 445

Ser Thr Lys Ala Gly Thr Ala Thr Gly Thr Thr Phe Thr Asp Thr Gly
450 455 460

Val Thr Ser Gly Thr Ser Tyr Thr Tyr Thr Val Arg Ala Arg Asp Ala
465 470 475 480

Ala Gly Asn Thr Ser Ala Pro Ser Ala Ser Val Thr Ala Thr Thr Thr
485 490 495

Gly Ser Gly Gly Asn Thr Gly Cys Lys Ala Val Tyr Thr Val Asn Gly
500 505 510

Asp Trp Gly Ser Gly Phe Gly Val Asp Ile Thr Val Thr Asn Thr Gly
515 520 525

Thr Ala Pro Ala Thr Ser Trp Lys Leu Thr Trp Thr Tyr Gly Gly Ser
530 535 540

Gln Lys Ile Thr Asn Met Trp Asn Ala Ser Tyr Thr Gln Ser Gly Ala
545 550 555 560

Ser Val Thr Val Thr Ser Thr Asp Tyr Asn Gly Gly Leu Ala Ala Gly
565 570 575

Ala His Thr Gly Phe Gly Phe Gln Gly Thr Pro Ala Ala Gly Ala Val
580 585 590

Pro Thr Val Ser Cys Thr Leu Ser

595 600

<210> SEQ ID NO 2

<211> LENGTH: 1761

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp SirexAA-E

<400> SEQUENCE: 2

atgagtcgta cgtccegcac cacactgegt cgcagtcgga cggegcetgat ggcagcaggt 60

gecactegteg cggcagecge agggagcegca gcagcagecg cteegttegyg agcaacggea 120
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20

-continued
geggecgeayg caggatgcac ggtcgactat aagatccaga accagtggaa tggeggtcetg 180
acagcatcag tctcegtgac aaacaacggg gacgccatcet caggttggea gctgecagtgg 240
agcttegcag gcggagagca ggtcagecag ggttggaatyg ccacagtatce ccagagcgga 300
tcggecagtca cggccaagga cgcaggttat aacgcagege tegecaccegyg agecteggece 360
agctteggtt tcaatgcaac gggcaatgga aacagcgteg ttecggcaac cttcaagttg 420
aatggtgtaa cctgcaacgg gggtacgaca ggaccgacgg acccgacaga cccgaccgac 480
cccaccgace cgacagaccce cccggcaggt aatcgagtgg acaaccctta ccagggagca 540
aaggtttatg tcaacccgga atggtccgece aacgccgcag ccgaaccegyg cggtgaccge 600
atagcggacce agccgacagg tgtctggttg gatcgtatag cggecatcga gggggcecaat 660
ggaagtatgyg gccttegega ccacctggac gaagcegttga cgcaaaaagg aagcggagag 720
ctggtggtee aagtggtcat ctacaatcte ccaggtegtyg actgtgcecege actggectceg 780
aacggagaac tcgggccgac cgagatcgga cgctacaaaa cagaatatat cgatccgata 840
gecggagatee tgggtgacce gaagtacgca gggctcecgga tegtgacgac ggtagaaatce 900
gatagtctge cgaatttggt cactaatgcce ggaggacgtc caacggcaac accggcegtge 960
gacgtcatga aagccaacgg taattatgtg aagggtgtcg gatatgcact gaacaagctc 1020
ggggatgcge cgaatgtgta caattatatc gacgcaggcc atcacggatg gatcggatgg 1080
gatgacaact tcggecgecte tgcagagatc ttccacgaag cggccaccgce agagggggea 1140
acggtcaacg acgtccatgg tttcatcacc aacacagcga actactcagce gctgaaggaa 1200
gagaacttct cgatcgatga tgcagtaaac ggcaccagceg tceccgccagtce taagtgggtg 1260
gactggaatc gatacacaga cgagctcagc ttcgcccagg cattccgcaa tgaactcegtg 1320
agtgtgggtt tcaactccgg tatcggaatg ctgattgaca cgtcgcggaa cggttggggce 1380
ggagcaaatc gtcegteggg ccecgggtgece aatacatceg tcgacacgta tgtagacgga 1440
ggcecgctacg atcgacggat ccatcteggt aactggtgta atcaggcagg tgcgggactce 1500
ggtgaacgce cgcaggctge gccagaaccg ggcatcgacg cctacgtgtg gatgaagecce 1560
ccgggagaga gtgacggatc cagctccgaa attccgaacyg atgagggcaa gggattcgac 1620
cgtatgtgeg acccgacata cacgggcaac gcacggaata acaacaatat gagtggcgeg 1680
ctgggaggtg ccccegtete gggaaagtgg ttcagtgcecce aattccaaga getgatgaaa 1740
aatgcgtatc cggcattgtg a 1761

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 3
H: 710
PRT

<213> ORGANISM: Streptomyces LaPpAH-95

<400> SEQUENCE: 3

Met Ser Thr
1

Ala Ala Ser
Thr Thr Ala
35

Ala Lys Ala
50

Pro Gly Gly
65

Arg Gly Thr Ile Lys
5

Ala Leu Ala Met Gly
20

Asp Ala Ala Ala Ala
40

Tyr Val Asn Pro Asp
55

Ala Ala Ile Ala Asp
70

Gln

Ala

25

Arg

Trp

Thr

Gly

10

Ala

Val

Ser

Pro

Leu

Leu

Asp

Ala

Ala
75

Arg Arg Arg
Ala Val Ala
30

Asn Pro Tyr
45

Lys Ala Ala
60

Phe Val Trp

Leu Ala

15

Ile Pro

Val Gly

Ala Glu

Met Asp
80



21

US 10,428,334 B2

-continued

22

Arg

Ile

Glu

Pro

145

Gly

Gly

Ile

Gly

225

Ala

Asn

Asp

Asn

Leu

305

Ala

Leu

Ile

Arg

Lys

385

Glu

Gly

Ala

Tyr

Asp

465

Lys

Ile

Leu

Tyr

Leu

130

Ile

Thr

Gly

Asn

Pro

210

Trp

Thr

Thr

Ser

Tyr

290

Val

Arg

Thr

His

Pro

370

Pro

Gly

Arg

Gly

Pro
450

Asp

Thr

Ala

Asp

Asp

115

Gly

Ser

Ile

Thr

Tyr

195

Asn

Asp

Ser

Ala

Val

275

Tyr

Gly

Asn

Ser

Ala

355

Thr

Pro

Lys

Asn

His
435
Pro

Thr

Ser

Ala

Thr

100

Leu

Pro

Glu

Ile

Ala

180

Glu

Val

Ser

Glu

Asn

260

Asn

Thr

Gln

Gly

Val

340

Gly

Ser

Gly

Gly

Gly

420

Trp

Ile

Gln

Ser

Ile

Ala

Pro

Thr

Ile

Glu

165

Gly

Lys

Tyr

Asn

Gly

245

Tyr

Gly

Asp

Gly

Trp

325

Asp

Asn

Ala

Glu

Phe

405

Asn

Phe

Asp

Ala

Ser
485

Gly

Leu

Gly

Glu

Leu

150

Pro

Ser

Gly

Asn

Met

230

Ala

Ser

Thr

Glu

Phe

310

Gly

Asp

Trp

Pro

Ser

390

Asp

Ser

Ser

Gly

Pro

470

Val

Gly

Asp

Arg

Leu

135

Ala

Asp

Thr

Val

Tyr

215

Val

Thr

Ala

Thr

Leu

295

Asn

Gly

Tyr

Cys

Glu

375

Asp

Arg

Lys

Ala

Ser
455

Thr

Ser

Thr

Gln

Asp

120

Asp

Asp

Ser

Asp

Gly

200

Val

Pro

Val

Leu

Val

280

Ser

Ser

Ser

Val

Asn

360

Ala

Gly

Met

Thr

Gln
440
Gly

Ala

Leu

Pro

Gly

105

Cys

Arg

Pro

Leu

Ala

185

Tyr

Asp

Ala

Asp

Lys

265

Arg

Phe

Asn

Asp

Asn

345

Gln

Gly

Ser

Cys

Gly

425

Phe

Glu

Pro

Ser

Gly

Ala

Ala

Tyr

Ala

Pro

170

Cys

Ala

Ala

Gly

Asp

250

Glu

Gln

Ala

Ile

Arg

330

Gly

Ser

Ile

Ser

Asp

410

Ala

Gln

Asn

Thr

Trp
490

Ala

Asn

Ala

Lys

Tyr

155

Asn

Ala

Leu

Ala

Val

235

Val

Pro

Ser

Gln

Gly

315

Pro

Gly

Gly

Asp

Gln

395

Pro

Leu

Glu

Pro

Gly

475

Thr

Met

Leu

Leu

Ser

140

Ala

Ile

Thr

His

His

220

Glu

Ala

Asn

Lys

Ala

300

Met

Thr

Arg

Ala

Ala

380

Ala

Thr

Pro

Leu

Gly
460

Leu

Ala

Ser

Phe

Ala

125

Glu

Asn

Val

Met

Thr

205

His

Phe

Gly

Phe

Trp

285

Leu

Leu

Ser

Val

Gly

365

Tyr

Glu

Tyr

Asn

Val
445
Gly

Thr

Ser

Leu

Gln

110

Ser

Tyr

Leu

Thr

Lys

190

Leu

Gly

Lys

Phe

Lys

270

Val

Arg

Ile

Ala

Asp

350

Ile

Val

Asp

Glu

Ser

430

Arg

Gly

Ser

Ser

Arg

95

Val

Asn

Ile

Arg

Asn

175

Ala

Gly

Trp

Lys

Ile

255

Ile

Asp

Thr

Asp

Gly

335

Arg

Gly

Trp

Asn

Gly

415

Pro

Asn

Gly

Ser

Asp
495

Glu

Val

Gly

Asp

Ile

160

Ala

Asn

Ala

Leu

Ala

240

Val

Thr

Trp

Gln

Thr

320

Pro

Arg

Glu

Ala

Asp

400

Asn

Val

Ala

Asp

Ala

480

Asn
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24

Lys

Ser

Ala

Ala

545

Gly

Thr

Ser

Glu

Gly

625

Gly

Ala

Trp

Ser

Ser
705

Ala

Thr

Tyr

530

Ala

Thr

Asp

Ala

Ser

610

Cys

Ala

Gly

Ser

Phe

690

Trp

Val

Thr

515

Ser

Ser

Gly

Asn

Val

595

Gly

Gly

Ser

Ala

Asn

675

Ala

Gly

Thr

500

Thr

Tyr

Ser

Ser

Gln

580

Asp

Ser

Lys

His

Ser

660

Phe

Asp

Thr

Gly

Thr

Thr

Ala

Leu

565

Ile

Leu

Ser

Leu

Tyr

645

Thr

Asn

Ala

Ala

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces LaPpAH-95

PRT

<400> SEQUENCE:

Met Arg Ser Phe

1

Gly

Leu

Phe

Gln

65

Asp

Gly

Tyr

Tyr

145

Arg

Leu

Asp

Gln

Ser

Trp

Ser

Glu

130

Asp

Pro

Leu

35

Tyr

Ser

Ala

Tyr

Ala
115

Ala

Asp

Leu

20

Pro

Gly

Gly

Leu

Asp
100
Thr

Ser

Tyr

790

4

Pro

5

Gly

Leu

Glu

Lys

Asp

85

Ala

Met

Gly

Leu

Tyr

Ser

Val

Leu

550

Lys

Arg

Ser

Thr

Ser

630

Leu

Gly

Glu

Ser

Pro
710

Leu

Ala

Ser

Ala

Leu

70

Asp

Gly

Leu

Gln

Leu
150

Asp

Tyr

Lys

535

Ser

Val

Phe

Thr

Phe

615

Leu

Glu

Glu

Ala

Lys
695

Pro

Val

Leu

Leu

55

Pro

Gly

Asp

Ala

Leu
135

Lys

Val

Thr

520

Ala

Val

Gln

Gly

Val

600

Gly

Ala

Val

Met

Asp

680

Ile

Ala

Ala

Pro

40

Gln

Asp

Lys

His

Trp

120

Pro

Ala

Tyr Arg
505

Asp Thr

Lys Asp

Thr Thr

Tyr Lys
570

Leu Gln
585

Lys Leu

Thr Ala

Val Gln

Ser Phe
650

Gln Leu
665

Asp Tyr

Gly Val

Leu Arg
10

Leu Ala
25

Ala Gly

Lys Ser

Thr Asn

Asp Ala
90

Val Lys
105
Gly Gly

His Leu

His Pro

Gly

Gly

Ala

Ser

555

Asn

Leu

Arg

Cys

Ser

635

Gly

Arg

Ser

Tyr

Arg

Leu

Ala

Val

Arg

75

Gly

Phe

Thr

Arg

Ser
155

Gly

Leu

Ala

540

Ala

Asn

Val

Tyr

Asp

620

Gly

Ser

Leu

His

Thr
700

Arg

Ala

Ala

Leu

60

Val

Leu

Gly

Glu

Asn
140

Pro

Thr

Ser

525

Gly

Gly

Asp

Asn

Trp

605

Tyr

Gly

Gly

Asn

Gly

685

Ala

Ser

Val

Ala

45

Phe

Ser

Asp

Leu

Gln

125

Asn

Asn

Lys

510

Ala

Asn

Gly

Asn

Thr

590

Phe

Ala

Ser

Ser

Lys

670

Thr

Gly

Arg

Gly

30

Ala

Tyr

Trp

Leu

Pro
110
Arg

Leu

Val

Val

Ser

Val

Gly

Ser

575

Gly

Thr

Val

Ala

Leu

655

Ser

Gly

Ala

Arg

15

Ala

Pro

Glu

Arg

Thr

95

Met

Ala

Arg

Leu

Gly

Thr

Ser

Thr

560

Pro

Ser

Pro

Leu

Ala

640

Ala

Asp

Thr

Leu

Pro

Gly

Ala

Ala

Gly

80

Gly

Ala

Ala

Phe

Tyr
160
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-continued

26

Gly

Glu

Pro

Ser

Thr

225

Tyr

Gly

Thr

Leu

Ser

305

Thr

Trp

Gln

Ala

Arg

385

Leu

Asn

Asp

Leu

Gly

465

Thr

Thr

Gln

Tyr

Ser

545

Ile

Gln

Val

Gly

Met

210

His

Ser

Tyr

Gly

Ser

290

Trp

Gly

Thr

Ala

Phe

370

Lys

Gly

Pro

Gln

Val

450

Asn

Gly

Asp

Ala

Leu
530

Val

Ser

Val

Met

Ser

195

Val

Ala

Asp

Asn

Asp

275

Thr

Asp

Lys

Val

Val

355

Val

Ala

Asp

Pro

Met

435

Gly

Tyr

Ala

Phe

Ser
515
Ile

Arg

Phe

Gly

Pro

180

Asp

Phe

Lys

Cys

Asp

260

Thr

Glu

Asp

Gln

Gly

340

Leu

Ala

Arg

Asn

Thr

420

Thr

Gly

Val

Leu

Pro

500

Val

Asn

Tyr

Thr

Asn

165

Met

Leu

Ser

Gln

Ile

245

Glu

Ala

Pro

Thr

Lys

325

Val

Asp

Leu

Tyr

Pro

405

Lys

Asn

Pro

Asn

Ala

485

Gln

Asn

Arg

Tyr

Thr
565

Gly

Lys

Ala

Asp

Leu

230

Thr

Leu

Tyr

Gln

Ser

310

Tyr

Asn

Ser

Ser

His

390

Arg

Pro

Pro

Ser

Asn

470

Arg

Pro

Ala

Ser

Phe

550

Asn

Gly

Arg

Gly

Ser

215

Tyr

Asp

Val

Leu

Thr

295

Tyr

Ile

Gly

Trp

Tyr

375

Asp

Gly

His

Val

Ala

455

Glu

Leu

Glu

Ala

Ala

535

Thr

Tyr

Asp

Pro

Gln

200

Asp

Thr

Ala

Trp

Ala

280

Thr

Gly

Asp

Gln

Gly

360

Ser

Phe

Ser

His

Glu

440

Pro

Val

Tyr

Glu

Gly
520
Trp

Leu

Asn

Asp

Ala

185

Thr

Pro

Phe

Gln

Gly

265

Lys

Thr

Ala

Asp

Arg

345

Ser

Asp

Ala

Ser

Arg

425

Thr

Asp

Ala

Ala

Pro

505

Ala

Pro

Glu

Gln

His

170

Tyr

Ala

Ala

Ala

Ser

250

Ala

Ala

Arg

Tyr

Ala

330

Val

Leu

Trp

Val

Tyr

410

Thr

Arg

Asp

Thr

Glu

490

Asp

Asn

Ala

Pro

Cys
570

Lys

Lys

Ala

Tyr

Asp

235

Tyr

Ile

Glu

Ser

Val

315

Asn

Pro

Arg

Leu

Arg

395

Val

Ala

His

Thr

Asp

475

Tyr

Gly

Phe

Arg

Gly

555

Gly

Trp

Ile

Ala

Ala

220

Thr

Tyr

Trp

Ser

Tyr

300

Leu

Arg

Tyr

Tyr

Thr

380

Gln

Val

His

Thr

Tyr

460

Tyr

Gly

Pro

Thr

Ala
540

Val

Glu

Trp

Asp

Leu

205

Ala

Tyr

Asn

Leu

Tyr

285

Arg

Leu

Trp

Ser

Ala

365

Gly

Ile

Gly

Gly

Leu

445

Thr

Asn

Gly

Glu

Glu
525
Leu

Ala

Val

Gly

Ala

190

Ala

Lys

Arg

Ser

Tyr

270

Tyr

Trp

Ala

Leu

Pro

350

Ala

Asp

Asp

Phe

Ser

430

Tyr

Asp

Ala

Ser

Met

510

Val

Thr

Pro

Thr

Pro

175

Ser

Ser

Leu

Gly

Trp

255

Lys

Asp

Thr

Gln

Asp

335

Gly

Asn

Ala

Tyr

Gly

415

Trp

Gly

Asp

Ala

Pro

495

Ser

Lys

Asp

Gly

Gly
575

Ala

Cys

Ser

Ile

Lys

240

Ser

Ala

Asn

Leu

Leu

320

Trp

Gly

Thr

Thr

Ala

400

Glu

Thr

Ala

Arg

Phe

480

Leu

Val

Ala

Ala

Asp

560

Pro
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-continued

28

Thr

Thr

Phe

Tyr

625

Asp

Pro

Ala

Thr

705

Trp

Trp

Ala

Phe

Asn
785

His

Asp

Arg

610

Pro

Met

Gly

Ser

Cys

690

Ala

Gln

Asn

Gly

Gln

770

Gly

Leu

Ile

595

Ile

Ser

Val

Thr

Pro

675

Asp

Asp

Leu

Ala

His

755

Ala

Lys

Thr

580

Ala

Ser

Thr

Leu

Asp

660

Thr

Val

Val

Ala

Thr

740

Asn

Asn

Glu

Gly

Pro

Ser

Ala

Leu

645

Pro

Pro

Thr

Thr

Phe

725

Ala

Gly

Gly

Cys

<210> SEQ ID NO 5

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces LaPpAH-95

PRT

<400> SEQUENCE:

Met
1
Val
Ser
Gly
Cys
65

Ser

Tyr

Leu

Gln

Ser
145

Thr

Leu

Pro

Glu

50

Val

Phe

Lys

Arg

Val

130

Ala

Gly

Ala

Val

35

Tyr

Gly

Asn

Gly

Val
115

Gly

Pro

Arg

Ala

20

Thr

Leu

Val

Leu

Cys

100

Asp

Ser

Val

428

5

Pro

5

Ala

Asp

Tyr

Asp

Pro

85

His

Glu

Gly

Thr

Asp

Ala

Ala

Thr

630

Glu

Gly

Asp

Tyr

Val

710

Asp

Thr

Ser

Ala

Gly
790

Leu

Ser

Cys

Gln

Pro

70

Thr

Trp

Leu

Ala

Asp
150

Val

Gly

Gly

615

Thr

Gly

Pro

Pro

Arg

695

Lys

Phe

Gln

Val

Pro
775

Pro

Met

Thr

Gln

55

Asp

Asn

Gly

Gly

Tyr

135

Asp

Tyr

Gln

600

Ala

Pro

Ser

Gly

Thr

680

Val

Asn

Gln

Ser

Pro

760

Gly

Ala

Leu

Pro

40

Asn

Thr

Gly

Ala

Ser

120

Asn

Gln

Tyr Ala
585

Ser Ala

Trp Asp

Gly Gly

Ala Pro
650

Pro Asp
665

Asp Thr

Ser Gln

Thr Gly

Gly Ala
730

Gly Thr
745

Ala Gly

Ala Asp

Leu Ala
10

Thr Gly
25

Trp Gly

Glu Trp

Gly Ala

Ala Pro
90

Cys Thr
105
Val His

Val Ser

Pro Asp

Thr

Tyr

Pro

Thr

635

Gln

Pro

Pro

Ala

Pro

715

Glu

Arg

Gly

Pro

Gly

Ala

Thr

Asn

Trp

75

Ala

Ser

Thr

Met

Gly
155

Val Asp Cys

Arg

Ser

620

Pro

Trp

Thr

Asp

Trp

700

Thr

Ser

Val

Ser

His
780

Ala

Ser

Thr

Ser

Ser

Thr

Asp

Asp

Asp

140

Thr

Lys

605

Asn

Val

Gly

Thr

Pro

685

Gly

Pro

Val

Thr

Ala

765

Ser

Ala

Ser

Glu

45

Asp

Val

Tyr

Ser

Trp
125

Val

Glu

590

Glu

Asp

Asp

Thr

Thr

670

Glu

Thr

Leu

Ser

Leu

750

Ser

Phe

Ala

Ala

30

Leu

Ser

Thr

Pro

Gly
110
Ser

Trp

Leu

Ser

Val

Trp

Ala

Ala

655

Pro

Pro

Gly

Asp

Asn

735

Lys

Phe

Thr

Ala

15

Ser

Leu

Glu

Thr

Ser

95

Leu

Thr

Phe

Met

Asp

Gln

Ser

Pro

640

Pro

Glu

Gly

Phe

Gly

720

Ala

Asn

Gly

Leu

Leu

Ala

Gly

Gln

Ser

80

Ser

Pro

Thr

Asn

Ile
160
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-continued

30

Trp

Thr

Ala

Glu

Arg

225

Phe

Phe

Asp

Asn

Leu

305

Arg

Cys

Gln

Thr

Arg

385

Ser

Tyr

Met

Val

Ser

Leu

210

Gly

Glu

Glu

Pro

Asn

290

Val

Tyr

Asp

Ala

Gly

370

Phe

Arg

Val

Asn

Gln

Gly

195

Thr

Gln

Ile

Ala

Gly

275

Asp

Asn

Trp

Tyr

Gly

355

Gly

Asn

Ala

Asn

His

Leu

180

Trp

Gly

Ile

Trp

Ser

260

Gly

Ser

Thr

Phe

Ala

340

Thr

Ser

Lys

Ala

Gly
420

Arg

165

Asp

Lys

Phe

Asp

Gln

245

Ala

Gly

Ser

Gly

Thr

325

Val

Ala

Leu

Ser

Asn

405

Ala

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces LaPpAH-95

PRT

<400> SEQUENCE:

Met Leu Ala Val

1

Ser

Pro

Ala

Thr

65

Ala

Gly

Ala

Tyr

Asn

50

Leu

Val

Asp

Gln

Thr

35

Gly

Met

Ser

Trp

Ala

20

Gln

Tyr

Val

Phe

Ala

920

6

Gly

5

Gly

Ala

Phe

Glu

Trp

85

Pro

Gly

Gly

Val

Asp

Pro

230

Gly

Gly

Gly

Ala

Ser

310

Pro

Val

Ala

Ala

Asp

390

Thr

Leu

Leu

Thr

Phe

Ser

Ala

70

Met

Phe

Gly

Arg

Ile

Val

215

Ala

Gly

Thr

Thr

Thr

295

Thr

Glu

Gly

Gly

Pro

375

Trp

Ala

Ser

Ala

Gly

Leu

Pro

55

Pro

Trp

Asn

Val

Thr

Ser

200

Lys

His

Gln

Asp

Thr

280

Asp

Ala

Ser

Cys

Ala

360

Gly

Ser

Phe

Ser

Gln

Ala

Thr

40

Asp

Asp

Leu

Ala

Gln Pro
170

Trp Asp
185

Tyr Val

Ser Leu

Tyr Leu

Gly Leu
250

Gly Gly
265

Gly Ala

Asn Gln

Val Asp

Gly Ala
330

Gly Asn
345

Ser His

Ala Ser

Ala Phe

Thr Asp
410

Gly Thr
425

Gly Thr
10

Arg Ala
25

Gln Tyr

Gly Leu

His Gly

Glu Ala

90

Ala Trp

Ile

Val

Leu

Ile

Ile

235

Gly

Asp

Leu

Ile

Leu

315

Ala

Val

Tyr

Thr

Asp

395

Ala

Ala

Ala

Ala

Gly

Pro

His

75

Ala

Ala

Gly

Trp

Gln

Asp

220

Asp

Met

Asp

Lys

Arg

300

Ser

Gly

Thr

Leu

Gly

380

Glu

Ser

Pro

Ile

Ala

Lys

Tyr

60

Gln

Tyr

Val

Ser

Thr

Gly

205

Asp

Ala

Lys

Gly

Ala

285

Pro

Thr

Phe

His

Glu

365

Glu

Ala

Lys

Ala

Ala

Leu

45

His

Thr

Gly

Ala

Arg

Gly

190

Gly

Gly

Glu

Glu

Gly

270

Gln

Gly

Val

Gly

Thr

350

Val

Ile

Asp

Val

Arg

Gly

30

Lys

Ser

Thr

Arg

Glu

Thr

175

Pro

Ala

Val

Ala

Phe

255

Asp

Tyr

Leu

Lys

Thr

335

Val

Gly

Gln

Asp

Gly
415

Pro

15

Asp

Asp

Val

Ser

Val

95

Lys

Ala

Gly

Thr

Gly

Gly

240

Ser

Gly

Lys

Gln

Leu

320

Ala

Lys

Phe

Leu

Tyr

400

Val

Ala

Asp

Ala

Glu

Glu

80

Thr

Thr
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-continued

32

Ile

Ser

Pro

145

Ala

Trp

Thr

Tyr

Thr

225

Phe

Pro

Trp

Lys

Tyr

305

Ala

Trp

Gly

Ala

Ser

385

Leu

Glu

Met

Trp

Tyr

465

Ala

Phe

Ala

Ile

Ala

130

Ser

Glu

Leu

Gly

Gln

210

Thr

Val

Asp

Ala

Ala

290

Phe

Ser

Gly

Asp

Leu

370

Asp

Gln

Gly

Ala

Phe

450

Val

Trp

Pro

Ser

Pro

115

Pro

Ala

Leu

Met

Gly

195

Arg

Asp

Gly

Ala

Ser

275

Ala

Lys

Gly

Gly

Gly

355

Ser

Trp

Ser

Ser

Tyr

435

Gly

Thr

Ala

Ser

Pro
515

100

Gln

Ala

Leu

Ala

Asp

180

Glu

Gly

Leu

Asp

Asp

260

Glu

Lys

Arg

Arg

Ala

340

Ala

Asn

Ser

Ser

Tyr

420

Asp

Phe

Gly

Ser

Thr
500

Gly

His

Thr

Asp

Ser

165

Leu

Ser

Ala

Phe

Ser

245

Ala

Gln

Met

Val

Asp

325

Ala

Ser

Val

Lys

Glu

405

Ser

Trp

Gln

Asn

Ser
485

Leu

Asp

Ala

Tyr

Gly

150

Ser

Asp

Gly

Gln

Lys

230

Ser

Arg

Gly

Gly

Gly

310

Ser

Ala

His

Pro

Ser

390

Gly

Thr

Gln

Ala

Ala
470
Glu

Asn

Asn

Asp

Ala

135

Thr

Tyr

Asn

Pro

Glu

215

Tyr

Tyr

Ala

Lys

Asp

295

Asp

Gln

Gly

Gln

Ser

375

Leu

Ala

Pro

Pro

Trp

455

Thr

Thr

Trp

Ala

Gln

120

Pro

Val

Gly

Val

Gly

200

Ser

Gly

Ala

Val

Glu

280

Tyr

Cys

His

Ser

Gly

360

Leu

Thr

Leu

Pro

Val

440

Gly

Ala

Thr

Thr

Gly
520

105

Ser

Glu

Pro

Thr

Tyr

185

Ala

Val

Gly

Lys

Gln

265

Ser

Leu

Thr

Tyr

Gly

345

Tyr

Thr

Arg

Ala

Ala

425

Tyr

Met

Glu

Ile

Gly
505

Leu

Thr

His

Val

Met

170

Gly

Gly

Trp

Pro

Gln

250

Ala

Gln

Arg

Asp

Leu

330

Gly

Gln

Pro

Gln

Gly

410

Gly

His

Glu

Ala

Gly
490

Glu

His

Ser

Pro

Gly

155

Asp

Tyr

Ala

Glu

Asn

235

Trp

Ala

Val

Tyr

Pro

315

Leu

Gly

Asn

Lys

Leu

395

Gly

Thr

Asp

Arg

Val
475
Ser

Pro

Val

Asp

Leu

140

Thr

Val

Gly

Ser

Thr

220

Gly

Lys

Tyr

Ala

Ala

300

Asn

Ser

Trp

Pro

Ser

380

Glu

Cys

Pro

Pro

Val

460

Leu

Asp

Asp

Ser

Ser

125

Pro

Asp

Tyr

Asn

Phe

205

Val

Tyr

Tyr

Trp

Ala

285

Met

Ser

Trp

Ala

Leu

365

Ala

Phe

Thr

Thr

Ala

445

Ala

Ser

Gly

Thr

Val
525

110

Tyr

Ser

Pro

Gly

Lys

190

Ile

Pro

Leu

Thr

Ala

270

Ser

Phe

Cys

Tyr

Trp

350

Ala

Thr

Leu

Asn

Phe

430

Ser

Ala

Lys

Ser

Trp
510

Val

Asn

Gly

Leu

Met

175

Pro

Asn

Gln

Asp

Asn

255

Tyr

Val

Asp

Pro

Tyr

335

Arg

Ala

Ala

Thr

Ser

415

Tyr

Asn

Tyr

Trp

Phe
495

Asn

Asp

Pro

Tyr

Ser

160

His

Gly

Thr

Pro

Leu

240

Ala

Arg

Ala

Lys

Ala

320

Ala

Ile

Trp

Arg

Trp

400

Trp

Gly

Asn

Tyr

Val
480
Arg

Ala

Tyr
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-continued

34

Ala

Tyr

545

Leu

Pro

Pro

Gly

Trp

625

Thr

Ile

Asp

Thr

Ala

705

Ala

Tyr

Leu

Thr

Asp

785

Pro

Gly

Ser

Gly

Leu
865
Ser

Asn

Ala

Asn

530

Ala

Leu

Glu

Ser

Ser

610

Pro

Tyr

Tyr

Thr

Lys

690

Val

Thr

Thr

Ser

Gly

770

Asn

Val

Gly

Ser

Ala

850

Ala

Asp

Thr

Leu

Asp

Ala

Asp

Thr

Gly

595

Thr

Lys

His

Ala

Glu

675

Asp

Thr

Gly

Tyr

Asp

755

Ala

Gln

Asp

Pro

Thr

835

Asp

Ala

Trp

Ala

Ala
915

Val

Lys

Ala

Arg

580

Trp

Phe

Val

Arg

Glu

660

Pro

Ser

Gly

Arg

Ala

740

Ala

Val

Ile

Leu

Ser

820

Ile

Arg

Gly

Ser

Tyr
900

Trp

Gly

Ser

Met

565

Leu

Ser

Ile

Gln

Phe

645

Leu

Pro

Val

Tyr

Thr

725

Val

Val

Lys

Arg

Ser

805

Thr

Thr

Tyr

Ala

Asn
885

Ala

Gly

<210> SEQ ID NO 7

<211> LENGTH:

367

Val

Gly

550

Ala

Asp

Gly

Ser

Ala

630

Trp

Leu

Thr

Ser

Asp

710

Phe

Ala

Leu

Val

Met

790

Thr

Phe

His

Leu

Ser
870
Phe

Asp

Val

Gly

535

Asp

Leu

Tyr

Thr

Ile

615

Tyr

Ala

Val

Ala

Leu

695

Val

Thr

Ala

Ala

Gln

775

Gly

Val

Gly

Thr

Glu

855

Thr

Asn

Ser

Glu

Ala

Glu

Asn

Asn

Met

600

Arg

Leu

Gln

Glu

Pro

680

Ser

Tyr

Asp

Arg

Lys

760

Tyr

Leu

Lys

Thr

Val

840

Val

Gly

Glu

Ser

Pro
920

Ala

Asp

Thr

Arg

585

Pro

Ser

Asp

Ala

Gly

665

Gly

Trp

Arg

Ser

Asp

745

Thr

Lys

Gln

Val

Tyr

825

Val

Gly

Glu

Ala

Lys
905

Tyr

Ala

Thr

570

Phe

Asn

Trp

Gly

Ala

650

Gly

Gly

Ser

Asn

Gly

730

Ala

Lys

Ser

Val

Arg

810

Cys

Ala

Phe

Ile

Asp
890

Val

Val

Ala

555

Asp

Asp

Gly

Tyr

Gly

635

Leu

Gly

Leu

Ala

Gly

715

Leu

Gly

Thr

Thr

Val

795

Tyr

Asp

Val

Thr

Gln
875

Asp

Gly

Lys

540

Ala

Lys

Asp

Asp

Lys

620

Asp

Ala

Gly

Thr

Ser

700

Val

Ala

Gly

Gly

Asp

780

Asn

Trp

Tyr

Ser

Gly

860

Leu

Tyr

Ala

Thr

Leu

Gly

Glu

Pro

605

Asp

Ala

Leu

Glu

Val

685

Thr

Leu

Ala

Asn

Gly

765

Ser

Thr

Phe

Ala

Ser

845

Gly

Arg

Ser

Tyr

Leu

Ala

Ile

Val

590

Val

Asp

Pro

Ala

Pro

670

Thr

Asp

Ala

Asn

Thr

750

Ser

Ser

Gly

Thr

Ala

830

Pro

Ala

Leu

Arg

Val
910

Thr

Lys

Ser

575

Tyr

Arg

Pro

Val

Phe

655

Gly

Ala

Asn

Gly

Thr

735

Ser

Thr

Ala

Ser

Ala

815

Leu

Lys

Gly

Asn

Ala
895

Ala

Tyr

Ala

560

Val

Ile

Pro

Asp

Phe

640

Ala

Gly

Thr

Thr

Asn

720

Glu

Ala

Gly

Thr

Ala

800

Asp

Gly

Thr

Thr

Lys

880

Thr

Gly
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-continued

<212> TYPE: PRT
<213> ORGANISM: Streptomyces LaPpAH-95

<400> SEQUENCE: 7

Met Ala Arg Arg Arg Thr Gln Leu Ala Ser Leu Ala Ala Val Leu Ala
1 5 10 15

Thr Leu Leu Gly Gly Ile Ala Phe Thr Leu Leu Gly Gln Gly Ser Ala
20 25 30

Gln Ala His Gly Val Thr Met Ser Pro Gly Ser Arg Thr Tyr Leu Cys

Trp Leu Asp Ala Lys Thr Ser Thr Gly Ser Leu Asp Pro Thr Asn Pro
50 55 60

Ala Cys Lys Ala Ala Leu Ala Glu Ser Gly Ala Ser Ser Leu Tyr Asn
65 70 75 80

Trp Phe Ala Val Leu Asp Ser Asn Ala Gly Gly Arg Gly Ala Gly Tyr
85 90 95

Val Pro Asp Gly Thr Leu Cys Ser Ala Gly Asp Arg Ser Pro Tyr Asn
100 105 110

Phe Thr Gly Tyr Asn Ala Ala Arg Gly Asp Trp Pro Arg Thr His Leu
115 120 125

Thr Ser Gly Ala Lys Ile Glu Val Asp His Ser Asn Trp Ala Ala His
130 135 140

Pro Gly Glu Phe Arg Val Tyr Met Ser Lys Pro Gly Tyr Ser Pro Thr
145 150 155 160

Thr Glu Leu Gly Trp Asp Asp Leu Asp Leu Ile Gln Thr Val Ser Asn
165 170 175

Pro Pro Gln Val Gly Ser Pro Gly Thr Asp Gly Gly His Tyr Tyr Trp
180 185 190

Asp Leu Thr Leu Pro Ser Gly Arg Ser Gly Asp Ala Val Met Phe Ile
195 200 205

Gln Trp Val Arg Ser Asp Ser Gln Glu Asn Phe Phe Ser Cys Ser Asp
210 215 220

Ile Val Phe Asp Gly Gly Asn Gly Glu Val Thr Gly Ile Arg Gly Ser
225 230 235 240

Gly Ser Thr Pro Asp Pro Asp Pro Thr Asp Pro Thr Pro Asp Pro Thr
245 250 255

Asp Pro Thr Asp Pro Thr Asp Pro His Thr Gly Cys Met Ala Val Tyr
260 265 270

Asn Val Thr Asn Ser Trp Ser Gly Gly Phe Gln Gly Ser Val Glu Val
275 280 285

Met Asn His Asn Thr Thr Ala Leu Asp Gly Trp Ala Val Gln Trp Lys
290 295 300

Pro Gly Thr Gly Thr Thr Val Ser Ser Val Trp Ser Gly Val Leu Ser
305 310 315 320

Thr Gly Ser Asp Gly Thr Leu Thr Val Lys Asn Ala Asp Tyr Asn Arg
325 330 335

Ser Ile Pro Pro Asp Gly Ser Val Thr Phe Gly Phe Thr Ala Thr Ser
340 345 350

Thr Gly Asn Asp Phe Pro Val Gly Ser Ile Gly Cys Val Ser Pro
355 360 365

<210> SEQ ID NO 8

<211> LENGTH: 954

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp SirexAA-E



37

US 10,428,334 B2

-continued

38

<400> SEQUENCE:

Met

1

Glu

Asp

Ser

Gln

65

Thr

Ala

Ala

Gln

Ser

145

Gly

Gly

Ala

Ser

225

Thr

Thr

Ser

Thr

Thr

305

Ala

Thr

Ser

Thr

Lys
385

Glu

Ala

Ala

Trp

Ala

Gln

Val

Ala

Pro

Pro

130

Ala

Ala

Thr

Gly

Ala

210

Val

Phe

Ala

Thr

Val

290

Ala

Ala

Asp

Val

Ser
370

Ile

Thr

8

Ala Leu Ala

Gln

Gly

35

Ala

Leu

Ser

Val

Thr

115

Pro

Gly

Thr

Asp

Ser

195

Asp

Val

Asp

Ala

Leu

275

Thr

Pro

Lys

Pro

Glu
355
Glu

Thr

Tyr

Ala

20

Ser

Ile

Thr

Val

Thr

100

Thr

Ile

Asp

Ile

Thr

180

His

Ser

Ser

Val

Arg

260

Thr

Ala

Gly

Glu

Ala

340

Thr

Ala

Gly

Met

5

Ala

Gly

Asp

Ser

Lys

85

Thr

Phe

Ala

Pro

Ser

165

Thr

Ser

Pro

Pro

Ser

245

Ser

Phe

Asp

His

Tyr

325

Asn

Leu

Tyr

Asp

Ile

Leu

Ala

Phe

Gly

Gly

70

Asn

Gly

Ala

Val

Val

150

Lys

Ser

Val

Pro

Ala

230

Leu

Ala

Thr

Gly

Gly

310

Asp

Gly

Ile

Ser

Trp
390

Pro

Pro

Val

Thr

Trp

Trp

Ala

Ala

Val

Leu

135

Pro

Val

Pro

Tyr

Ala

215

Gln

Ser

Gly

Pro

Ser

295

Lys

Ala

Tyr

Val

Tyr
375

Thr

Thr

Leu

Ala

Thr

40

Thr

Ser

Ala

Gln

Asn

120

Thr

Leu

Glu

Tyr

Ala

200

Gly

Leu

Thr

Asn

Ala

280

Gly

Ala

Arg

Phe

Glu
360
Leu

Lys

His

Gly

Cys

25

Glu

Leu

Gly

Trp

Phe

105

Gly

Ser

Ala

Phe

Ser

185

Arg

Ile

Gly

Ala

Thr

265

Asn

Thr

Glu

Phe

Ser

345

Ala

Ile

Phe

Ala

Met

10

Ser

Leu

Thr

Thr

Asn

90

Thr

Thr

Pro

Ala

Tyr

170

Tyr

Ala

Thr

Val

Pro

250

Gly

Trp

Gly

Val

Leu

330

Pro

Pro

Trp

Asn

Asp

Thr

Val

Thr

Tyr

Trp

75

Gly

Tyr

Val

Ala

Thr

155

Asp

Glu

Tyr

Val

Gln

235

Ala

Leu

Ser

Ala

Thr

315

Asp

Glu

Asp

Leu

Gly
395

Gln

Ala

Asp

Leu

Asp

Ser

Ala

Ser

Cys

Ala

140

Ala

Asp

Ala

Asp

Val

220

Gln

Ala

Ser

Thr

Ala

300

Val

Leu

Gly

His

Gln
380

Ala

Pro

Ala

Tyr

Thr

45

Tyr

Gln

Ile

Gly

Ala

125

Gly

Ala

Thr

Gly

Ser

205

Thr

Gly

Asp

Val

Pro

285

Thr

Thr

Tyr

Ile

Gly
365
Ala

Trp

Thr

Ala

Thr

30

Asn

Ala

Ser

Ala

Ala

110

Gly

Ala

Ala

Thr

Gln

190

Leu

Gly

Arg

Val

Thr

270

Gln

Phe

Gln

Gly

Pro

350

His

Met

Asp

Asn

Gly

15

Thr

Arg

Gly

Gly

Ala

95

Asn

Ala

Val

Ala

Leu

175

Leu

Gly

Pro

Ser

Thr

255

Gly

Lys

Thr

Leu

Lys

335

Tyr

Glu

Tyr

Thr

Ser

Thr

Ser

Gly

Asn

Lys

80

Gly

Thr

His

Phe

Asp

160

Leu

Ala

Ala

Ala

Gly

240

Val

Gly

Val

Val

Ala

320

Ile

His

Thr

Gly

Met
400

Phe
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40

Tyr

Asn

Pro

Gly

465

Ala

Ile

Thr

Leu

Thr

545

Ala

Thr

Phe

Cys

Tyr

625

Arg

Ala

Gly

Gln

Ser

705

Tyr

Asn

Tyr

Trp

Tyr

785

Asn

Asp

Asp

Glu

Ile

450

Met

Pro

Asn

His

Asp

530

Asn

Asp

Val

Asp

Pro

610

Tyr

Ile

Tyr

Ala

Trp

690

Trp

Gly

Gln

Tyr

Val
770
Leu

Ala

Tyr

Ala

Tyr

435

Ala

His

Gly

Thr

Pro

515

Leu

Ala

Val

Gly

Lys

595

Ala

Ala

Gly

Ala

Gln

675

Leu

Lys

Met

Trp

His

755

Asp

Met

Ser

Thr

Ser

420

Pro

Ala

Trp

Thr

Phe

500

Thr

Phe

Pro

Trp

Lys

580

Tyr

Gly

Trp

Ser

Leu

660

Asp

Gln

Gly

Tyr

Phe

740

Glu

Trp

Pro

Asn

Asp
820

405

Lys

Ala

Glu

Ile

Cys

485

Gln

Cys

Thr

Asp

Ala

565

Ala

Phe

Ser

Gly

Ser

645

Ser

Trp

Ser

Ser

Tyr

725

Gly

Ser

Ala

Ser

Pro
805

Asp

Pro

Val

Leu

Gln

470

Ala

Arg

Asp

Gly

Ala

550

Lys

Ala

Lys

Gly

Gly

630

His

Ser

Ala

Asp

Tyr

710

Asp

Phe

Gly

Leu

Thr
790

Gly

Val

Ala

Leu

Lys

455

Asp

Ala

Gly

Asn

Asp

535

Asp

Glu

Lys

Lys

Lys

615

Ala

Ala

Val

Lys

Glu

695

Ala

Glu

Gln

Asp

Ser
775
Leu

Ala

Gly

Thr

Asp

440

Ser

Val

Gly

Ser

Phe

520

Ser

Ala

Gln

Met

Ile

600

Asp

Thr

His

Ala

Ser

680

Gly

Gln

Lys

Ala

Ala

760

Glu

Gln

Asn

Val

Tyr

425

Gly

Ala

Asp

Pro

Gln

505

Thr

Ser

Arg

Gly

Gly

585

Gly

Ser

Asp

Gly

Asp

665

Leu

Ala

Pro

Pro

Trp

745

Gln

Thr

Trp

Ala

Ala
825

410

Ala

Ser

Tyr

Asn

Thr

490

Glu

Tyr

Tyr

Ala

Lys

570

Asp

Asp

Ala

Thr

Gly

650

Leu

Asp

Ile

Pro

Val

730

Ser

Ala

Thr

Ser

Gln
810

Gly

Pro

Ala

Gly

Val

475

Gln

Ser

Gly

Ala

Val

555

Ala

Tyr

Cys

His

Ser

635

Tyr

Lys

Arg

Ala

Ala

715

Tyr

Met

Lys

Val

Gly
795

Leu

Ala

Glu

Ser

Thr

460

Tyr

Ala

Val

Gly

Lys

540

Gln

Gly

Leu

Val

Tyr

620

Ala

Gln

Pro

Gln

Gly

700

Gly

His

Glu

Ala

Asn
780
Ala

His

Tyr

His

Ser

445

Asp

Gly

Gly

Trp

Ala

525

Gln

Ala

Glu

Arg

Gly

605

Leu

Gly

Asn

Lys

Leu

685

Gly

Thr

Asp

Arg

Val

765

Pro

Pro

Val

Ala

Asp

430

Gly

Asp

Tyr

Pro

Glu

510

Asn

Trp

Ala

Val

Tyr

590

Pro

Met

Trp

Pro

Ser

670

Asp

Ala

Pro

Pro

Val

750

Leu

Asp

Asp

Thr

Arg
830

415

Thr

Ser

Ile

Gly

Ser

495

Thr

Gly

Lys

Tyr

Ala

575

Ser

Thr

Ser

Ser

Met

655

Ala

Phe

Thr

Thr

Pro

735

Ala

Asp

Gly

Thr

Val
815

Thr

Pro

Asp

Tyr

Asn

480

Tyr

Val

Tyr

Phe

Trp

560

Asp

Met

Thr

Trp

Trp

640

Ala

Thr

Tyr

Asn

Phe

720

Ser

Glu

Lys

Thr

Trp
800

Ala

Leu
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Thr

Glu

Asp

Pro

Ala
945

Tyr

Ala

850

Ala

Tyr

Asp

Pro

Val

930

Leu

Tyr

835

Leu

Val

Val

Glu

Asn

915

Phe

Gly

Ala

Leu

Pro

Pro

Asp

900

Trp

Thr

Ala

Ala

Asp

Glu

Gly

885

Ser

Pro

Tyr

Tyr

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Met

Ala

Asp

Ser

65

Ser

Ser

Ala

Asn

Cys

145

Pro

Tyr

Ala

Trp

Leu
225

Leu

Ser

Ala

Ala

Tyr

50

Val

Phe

Gln

Leu

Gly

130

Asn

Thr

Gln

Ala

Leu
210

Arg

Val

Arg

Ala

Pro

35

Lys

Thr

Ala

Ser

Ala

115

Asn

Gly

Asp

Gly

Glu
195
Asp

Asp

Val

Thr

Gly

20

Phe

Ile

Asn

Gly

Gly

100

Thr

Ser

Gly

Pro

Ala

180

Pro

Arg

His

Gln

586

Lys

Gly

Thr

870

Gly

Thr

Gln

His

Ala
950

Ser

Met

855

Arg

Trp

Phe

Val

Arg

935

Asp

Gly

840

Trp

Ala

Thr

Leu

Gln

920

Phe

Leu

Streptomyces sp

9

Ser

Ala

Gly

Gln

Asn

Gly

Ser

Gly

Val

Thr

Thr

165

Lys

Gly

Ile

Leu

Val

Arg

Leu

Ala

Asn

Gly

70

Glu

Ala

Ala

Val

Thr

150

Asp

Val

Gly

Ala

Asp
230

Val

Thr

Val

Thr

Gln

55

Asp

Gln

Val

Ser

Pro

135

Gly

Pro

Tyr

Asp

Ala
215

Glu

Ile

Thr

Ala

Ala

40

Trp

Ala

Val

Thr

Ala

120

Ala

Pro

Pro

Val

Arg

200

Ile

Ala

Tyr

Asp

Gln

Asp

Gly

Ser

905

Ala

Trp

Leu

Thr Glu

His His

Tyr Asn

875

Ala Met

890

Ile Arg

Tyr Leu

Ala Gln

Glu

SirexAA-E

Leu

Ala

Ala

Asn

Ile

Ser

Ala

105

Ser

Thr

Thr

Ala

Asn

185

Ile

Glu

Leu

Asn

Arg Arg
10

Ala Ala

Ala Ala

Gly Gly

Ser Gly
75

Gln Gly
90

Lys Asp

Phe Gly

Phe Lys

Asp Pro

155

Gly Asn
170

Pro Glu

Ala Asp

Gly Ala

Thr Gln

235

Leu Pro

Ala

Gln

860

Arg

Pro

Ser

Asp

Ala
940

Ser

Gly

Ala

Leu

60

Trp

Trp

Ala

Phe

Leu

140

Thr

Arg

Trp

Gln

Asn
220

Lys

Gly

Glu

845

Asp

Phe

Asn

Phe

Gly

925

Asp

Arg

Ser

Gly

45

Thr

Gln

Asn

Gly

Asn

125

Asn

Asp

Val

Ser

Pro
205
Gly

Gly

Arg

Ala

Asp

Asp

Gly

Tyr

910

Gly

Ile

Thr

Ala

Cys

Ala

Leu

Ala

Tyr

110

Ala

Gly

Pro

Asp

Ala

190

Thr

Ser

Ser

Asp

Thr

Ala

Asp

Asp

895

Lys

Ala

Ala

Ala

15

Ala

Thr

Ser

Gln

Thr

95

Asn

Thr

Val

Thr

Asn

175

Asn

Gly

Met

Gly

Cys

Ala

Gly

Pro

880

Thr

Asp

Ala

Leu

Leu

Ala

Val

Val

Trp

80

Val

Ala

Gly

Thr

Asp

160

Pro

Ala

Val

Gly

Glu
240

Ala



43

US 10,428,334 B2

-continued

44

245

Ala Leu Ala Ser Asn Gly Glu Leu
260

Lys Thr Glu Tyr Ile Asp Pro Ile
275 280

Tyr Ala Gly Leu Arg Ile Val Thr
290 295

Asn Leu Val Thr Asn Ala Gly Gly
305 310

Asp Val Met Lys Ala Asn Gly Asn
325

Leu Asn Lys Leu Gly Asp Ala Pro
340

Gly His His Gly Trp Ile Gly Trp
355 360

Glu Ile Phe His Glu Ala Ala Thr
370 375

Val His Gly Phe Ile Thr Asn Thr
385 390

Glu Asn Phe Ser Ile Asp Asp Ala
405

Ser Lys Trp Val Asp Trp Asn Arg
420

Gln Ala Phe Arg Asn Glu Leu Val
435 440

Gly Met Leu Ile Asp Thr Ser Arg
450 455

Pro Ser Gly Pro Gly Ala Asn Thr
465 470

Gly Arg Tyr Asp Arg Arg Ile His
485

Gly Ala Gly Leu Gly Glu Arg Pro
500

Asp Ala Tyr Val Trp Met Lys Pro
515 520

Ser Glu Ile Pro Asn Asp Glu Gly
530 535

Pro Thr Tyr Thr Gly Asn Ala Arg
545 550

Leu Gly Gly Ala Pro Val Ser Gly
565

Glu Leu Met Lys Asn Ala Tyr Pro
580

<210> SEQ ID NO 10

<211> LENGTH: 362

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp

<400> SEQUENCE: 10

Met Ala Arg Arg Ser Arg Leu Ile
1 5

Leu Leu Gly Ala Leu Gly Leu Thr
20

250 255

Gly Pro Thr Glu Ile Gly Arg Tyr
265 270

Ala Glu Ile Leu Gly Asp Pro Lys
285

Thr Val Glu Ile Asp Ser Leu Pro
300

Arg Pro Thr Ala Thr Pro Ala Cys
315 320

Tyr Val Lys Gly Val Gly Tyr Ala
330 335

Asn Val Tyr Asn Tyr Ile Asp Ala
345 350

Asp Asp Asn Phe Gly Ala Ser Ala
365

Ala Glu Gly Ala Thr Val Asn Asp
380

Ala Asn Tyr Ser Ala Leu Lys Glu
395 400

Val Asn Gly Thr Ser Val Arg Gln
410 415

Tyr Thr Asp Glu Leu Ser Phe Ala
425 430

Ser Val Gly Phe Asn Ser Gly Ile
445

Asn Gly Trp Gly Gly Ala Asn Arg
460

Ser Val Asp Thr Tyr Val Asp Gly
475 480

Leu Gly Asn Trp Cys Asn Gln Ala
490 495

Gln Ala Ala Pro Glu Pro Gly Ile
505 510

Pro Gly Glu Ser Asp Gly Ser Ser
525

Lys Gly Phe Asp Arg Met Cys Asp
540

Asn Asn Asn Asn Met Ser Gly Ala
555 560

Lys Trp Phe Ser Ala Gln Phe Gln
570 575

Ala Leu
585

SirexAA-E

Ser Leu Ala Ala Val Leu Ala Thr
10 15

Ala Leu Trp Pro Gly Lys Ala Glu
25 30
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Ala His Gly Val Ala Met Thr Pro

Leu Asp Ala Leu Ser Gly Thr Gly
50 55

Cys Arg Asp Ala Leu Ser Gln Ser
65 70

Phe Ala Val Leu Asp Ser Asn Ala
85

Pro Asp Gly Ser Leu Cys Ser Ala
100

Ser Ala Tyr Asn Ala Ala Arg Ala
115 120

Ser Gly Ala Thr Leu Lys Val Gln
130 135

Gly Asp Phe Arg Val Tyr Leu Thr
145 150

Glu Leu Ala Trp Asp Asp Leu Gln
165

Pro Gln Gln Gly Gly Ala Gly Thr
180

Leu Ala Leu Pro Ser Gly Arg Ser
195 200

Trp Val Arg Ser Asp Ser Gln Glu
210 215

Val Phe Asp Gly Gly Asn Gly Glu
225 230

Thr Pro Thr Pro Thr Pro Thr Pro
245

Pro Glu His Ser Gly Ser Cys Met
260

Trp Ala Gly Gly Phe Gln Ala Ser
275 280

Glu Pro Arg Asn Gly Trp Ala Val
290 295

Gln Ile Asn Ser Val Trp Asn Gly
305 310

Thr Val Thr Val Arg Asp Val Asp
325

Gly Ser Val Thr Phe Gly Phe Thr
340

Pro Ala Gly Thr Ile Gly Cys Val
355 360

<210> SEQ ID NO 11

<211> LENGTH: 909

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp

<400> SEQUENCE: 11

Met Trp Cys His Pro Tyr Leu Arg
1 5

Ser Ser Val Asn Ala Leu Pro Pro
20

Pro Arg Ser Arg Tyr Gly Arg Arg
35 40

Gly Ser

Ala Leu

Gly Ala

Gly Gly

90

Gly Asp
105

Asp Trp

Tyr Ser

Lys Pro

Leu Val
170

Asn Gly
185

Gly Asp

Asn Phe

Val Thr

Thr Pro

250

Ala Val
265

Val Glu

Gln Trp

Ser Leu

His Asn
330

Ala Thr
345

Thr Ser

SirexAA-

Arg

Asn

Asn

75

Arg

Arg

Pro

Asn

Gly

155

Gln

Gly

Ala

Phe

Gly

235

Thr

Tyr

Val

Lys

Ser

315

Arg

Ser

E

Thr

Pro

60

Ala

Gly

Ser

Arg

Trp

140

Trp

Thr

His

Leu

Ser

220

Ile

Pro

Asn

Met

Pro

300

Thr

Val

Thr

Leu Arg Thr Ser

10

Pro Ala Arg Pro

25

Val Leu Gly Met

Tyr

45

Thr

Leu

Ala

Pro

Thr

125

Ala

Ala

Val

Tyr

Met

205

Cys

Gly

Thr

Val

Asn

285

Gly

Gly

Ile

Gly

Gly

Ala

Ser
45

Leu Cys

Asn Pro

Tyr Asn

Gly Tyr

95

Tyr Asp
110

His Leu

Ala His

Pro Thr

Ser Asn
175

Tyr Trp
190

Phe Ile

Ser Asp

Gly Thr

Pro Thr
255

Val Ser
270

His Gly

Ser Gly

Ser Asp

Ala Pro
335

Asn Asp
350

Arg Lys
15

Pro Val
30

Ala Ala

Gln

Ala

Trp

80

Val

Phe

Thr

Pro

Ser

160

Pro

Asp

Gln

Ile

Gly

240

Asp

Ser

Thr

Thr

Gly

320

Asp

Tyr

Val

Arg

Ala
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Asp

65

Ala

Ala

Asn

Gly

Thr

145

Leu

Thr

Ile

Leu

Pro

225

Gly

Ala

Glu

Leu

Ser

305

Asp

Ala

Cys

His

385

Ala

Leu

Asp

Gln

Leu

50

Ala

Thr

Val

Ala

Glu

130

Val

Ala

Phe

Gly

Arg

210

Val

Thr

Glu

Asp

Thr

290

Glu

Ala

Asp

Ala

Asp

370

Gly

Thr

Gly

Ile

Val
450

Cys

Glu

Gly

Ser

Trp

115

Ser

Gln

Thr

Thr

Gly

195

Gly

Arg

Val

Asp

Pro

275

Thr

Pro

Leu

Leu

Pro

355

Tyr

Lys

Tyr

Asp

Leu
435

Pro

Ala

Pro

Thr

Glu

100

Asp

Tyr

Thr

Ala

Ala

180

Gly

Gly

Val

Val

Gly

260

Ser

Ala

Phe

Ala

Val

340

Asn

Arg

Tyr

Glu

Gly
420

Asp

Ala

Gly

Gly

Ser

85

Gly

Val

Glu

Arg

Asp

165

Ser

Glu

Ala

Asn

Thr

245

Ser

Ser

Gly

Ser

Tyr

325

Gly

Lys

Leu

Val

Arg

405

Ala

Glu

Gly

Ala

Pro

70

Ala

Arg

Ile

Leu

Val

150

Pro

Val

Arg

Glu

Gln

230

Asp

Thr

Arg

Asp

Ile

310

Phe

Glu

Gly

Asp

Val

390

Thr

Leu

Ala

Glu

Leu

55

Gly

Pro

Leu

Val

Ser

135

Gln

Val

Asp

Ala

Pro

215

Val

Ala

Ala

Arg

Gly

295

Arg

Tyr

Gln

Asp

Val

375

Asn

Leu

Arg

Arg

Gln
455

Ala

Pro

Trp

Cys

Gly

120

Tyr

Glu

Gly

Gln

Thr

200

Pro

Gly

Glu

Ala

Arg

280

Tyr

Gly

His

Tyr

Thr

360

Ser

Gly

Thr

Val

Trp
440

Leu

Val

Glu

Trp

Val

105

Gln

Thr

Ala

Ala

Pro

185

Thr

Val

Tyr

Ala

Thr

265

Val

Thr

Asp

Asn

Ala

345

Asp

Gly

Gly

Ala

Pro
425

Glu

Ala

Pro

Gln

Trp

90

Glu

Asn

Ala

Val

Glu

170

Ala

Phe

Tyr

Leu

Pro

250

Gly

His

Val

Leu

Arg

330

Arg

Val

Gly

Ile

Pro
410
Glu

Met

Gly

Gly

Ile

75

Thr

Val

Asp

Arg

Glu

155

Asp

Ala

Cys

Val

Pro

235

Leu

Thr

Thr

Glu

Tyr

315

Ser

Pro

Pro

Trp

Ser

395

Asp

Arg

Asp

Met

Thr

60

Thr

Pro

Pro

Val

Ser

140

Pro

Thr

Ser

Leu

Pro

220

Arg

Thr

Thr

Phe

Val

300

Asp

Gly

Ala

Cys

Tyr

380

Val

Ala

Asp

Phe

Val
460

Ala

Asn

Asn

Ala

Pro

125

Thr

Tyr

Arg

Val

Asp

205

Asp

Gly

Trp

Val

Asp

285

Asp

Ser

Ile

Gly

Arg

365

Asp

Ala

Glu

Asn

Leu

445

His

Met

Gly

Ala

Gly

110

Ile

Val

Thr

Val

Gln

190

Asp

Thr

Pro

Thr

Pro

270

Phe

Gly

Leu

Glu

His

350

Pro

Ala

Gln

Ser

Gly
430

Ile

His

Ala

Asp

Ser

95

Thr

Val

Pro

Thr

Ala

175

Leu

Val

Gly

Lys

Val

255

Arg

Gly

Glu

Arg

Ile

335

Ile

Gly

Gly

Leu

Ala
415
Val

Lys

Lys

Asp

Phe

80

Ala

Ala

Ala

Leu

Val

160

Arg

Gln

Ser

Ser

Ser

240

Lys

Gly

Asp

Val

Ser

320

Asp

Gly

Val

Asp

Met

400

Glu

Pro

Met

Met
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-continued

50

His

465

Gln

Ala

Asp

Ala

Gly

545

Ala

Gly

Leu

Arg

625

Glu

Trp

Ala

Gly

Thr

705

Ala

Ala

Ala

Ile

Leu

785

Thr

Asn

Pro

Leu

Ser
865

Asp

Gln

Ala

Phe

Lys

530

Gly

Ala

Leu

Gly

Ala

610

Thr

Gln

Gly

His

Ala

690

Gly

His

Gly

Glu

Gly

770

Ala

Ala

Ser

Val

Ser
850

Ala

Asp

Ala

Arg

Thr

Ala

515

Arg

Ala

Glu

Ser

Gly

595

Thr

Val

Ala

Ser

Asp

675

Asp

Tyr

Gln

Gly

Lys

755

Ser

Phe

Ala

Gly

Ser
835
His

Arg

Phe

Glu

Glu

Ala

500

Asp

His

Tyr

Leu

Ser

580

Ile

Val

Val

Tyr

Asn

660

Leu

Tyr

Gly

Asn

Pro

740

Leu

Trp

Ile

Ala

Ser

820

Pro

Thr

Pro

Gly

Trp

Leu

485

Ala

Arg

Pro

Asn

Phe

565

Ala

Ser

Pro

Thr

Gly

645

Ser

Thr

Leu

Glu

Asp

725

Asn

Ser

Ala

Ala

Arg

805

Thr

Trp

Trp

Leu

Phe

Thr

470

His

Gln

Cys

Asp

Asp

550

Thr

Trp

Trp

Asn

Glu

630

Leu

Gln

Gly

Leu

Arg

710

Pro

Leu

Gly

Thr

Ser

790

Thr

Val

Ala

Ser

Ser
870

Asn

Gly

Pro

Cys

Leu

Val

535

Asp

Thr

His

Gly

Ala

615

Gly

Pro

Val

Asp

Gly

695

Asp

Ser

Thr

Cys

Asn

775

Tyr

Cys

Thr

Leu

Ala
855

Trp

Thr

Leu

Pro

Ala

Arg

520

Leu

Asp

Thr

Gly

Ser

600

Leu

Ala

Tyr

Leu

Ala

680

Arg

Ser

Leu

Ala

Ala

760

Glu

Leu

Gln

Val

Thr
840
Glu

Asn

Ser

Pro

Ser

Arg

505

Ala

Ala

Val

Gly

Asp

585

Thr

Thr

Asp

Ala

Asn

665

Ala

Asn

His

Pro

Ile

745

Pro

Ile

Asp

Val

Arg

825

Trp

Phe

Arg

Ala

Met

Thr

490

Leu

Ala

Asp

Ser

Lys

570

Ala

Ala

Ser

Arg

Pro

650

Asn

Tyr

Pro

Asn

Asn

730

Ala

Ala

Thr

Asp

Thr

810

Val

Leu

Asp

Thr

Ala

Lys

475

Ala

Tyr

Glu

Pro

Asp

555

Asp

Gly

Gly

Asp

Tyr

635

Arg

Met

Gln

Leu

Gln

715

Pro

Ser

Met

Ile

Ala

795

Tyr

Glu

Leu

Gln

Leu
875

Gly

Pro

Ala

Ala

Thr

Asn

540

Glu

Ile

Ala

Leu

Gln

620

Ala

Gly

Val

Asp

Asn

700

His

Ala

Gly

Cys

Asn

780

Gly

Ser

Asn

Pro

His
860

Ala

Ser

His

Thr

Pro

Ala

525

Asp

Phe

Tyr

Val

Gly

605

Leu

Ala

Glu

Val

Ala

685

Gln

His

Pro

Asp

Tyr

765

Trp

Glu

Ser

Thr

Gly
845
Gly

Pro

Ser

Leu

Leu

Phe

510

Trp

Gly

Tyr

Arg

Phe

590

Val

Ala

Gln

Asp

Leu

670

Val

Ser

Arg

Gly

Pro

750

Val

Asn

Gly

His

Gly

830

Glu

Arg

Gly

Pro

Asp

Asn

495

Asp

Asp

Ile

Trp

Gln

575

Pro

Leu

Gln

Ser

Tyr

655

Ala

Leu

Tyr

Phe

Ser

735

Val

Asp

Ala

Gly

Pro

815

Ser

Gln

Thr

Ala

Glu

Pro

480

Leu

Ala

Ala

Gly

Ala

560

Ala

Ala

Thr

Val

Arg

640

Val

Thr

Arg

Val

Trp

720

Ile

Ala

Asp

Pro

Gln

800

Trp

Asp

Arg

Val

Ala
880

Pro
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-continued

52

885

Gly Ala Phe Lys Leu Asn Gly Arg

900

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces sp

PRT

<400> SEQUENCE:

Met
1

Leu

Ala

Phe
65
Ala

Asn

Ser

Gly
145

Leu

Ala

Arg

Lys

Thr

Ala

305

Leu

Lys

Thr

Asp

Lys

50

Thr

Trp

Gly

Phe

Ala

130

Thr

Cys

Gly

Leu

Gln

210

Asn

Asp

Ala

Asn

Ala

290

Asp

Gly

Asn

Arg

Ala

Tyr

35

Val

Leu

Ser

Thr

Thr

115

Cys

Pro

Asn

Ile

Ala

195

Glu

Asp

Phe

Lys

Val

275

Val

Pro

Val

Ala

Phe

Leu

20

Thr

Thr

Pro

Gln

Leu

100

Gly

Thr

Val

Gln

Gln

180

Asn

Asp

Leu

His

Thr

260

Ile

Lys

Asp

Ser

Thr
340

456

12

Leu

Thr

Ile

Asn

Asp

Ser

85

Ala

Ala

Gly

Asp

Tyr

165

Trp

Asp

Gly

Val

Thr

245

Phe

Tyr

Ser

Ala

Asp
325

Asn

Ala

Gly

Thr

Leu

Ala

70

Gly

Thr

Asn

Ser

Val

150

Asp

Phe

Trp

Tyr

Asp

230

Leu

Phe

Glu

Tyr

Val

310

Gly

Ile

Leu

Pro

Ser

Gly

55

Gly

Ser

Gly

Pro

Thr

135

Asn

Arg

Asp

Lys

Glu

215

Met

Thr

Ala

Ile

Ala
295
Val

Ser

Met

Leu

Gln

Gln

40

Thr

Gln

Ala

Ala

Pro

120

Gly

Gly

Pro

Ala

Ser

200

Thr

Ala

Pro

Ser

Ala

280

Glu

Ile

Asp

Tyr

890

Ala Cys Ser Ala Gly

905

SirexAA-E

Ala

Ala

25

Trp

Pro

Lys

Val

Ser

105

Pro

Glu

Gln

Val

Cys

185

Asp

Asp

Glu

Gly

Val

265

Asn

Gln

Val

Glu

Ala
345

Thr Cys
10

Val Ala

Gln Gly

Val Thr

Val Val
75

Thr Ala
90

Ala Glu

Thr Ala

Pro Pro

Leu His
155

Gln Leu
170

Tyr Asp

Leu Leu

Pro Ala

Ala Arg
235

Asp Pro
250

Ala Ala

Glu Pro

Val Ile

Gly Thr

315

Ser Glu
330

Phe His

Ala

Ala

Gly

Gly

60

Gln

Ala

Ala

Phe

Ala

140

Val

Arg

Ala

Arg

Gly

220

Gly

Asn

Arg

Asn

Pro
300
Arg

Val

Phe

Thr

Ala

Phe

45

Trp

Gly

Gly

Gly

Ala

125

Gly

Cys

Gly

Ala

Ile

205

Phe

Met

Val

Asn

Gly

285

Val

Gly

Val

Tyr

Val

Gly

30

Gln

Lys

Trp

Ala

Phe

110

Leu

Ser

Gly

Met

Ser

190

Ala

Thr

Tyr

Asn

Ala

270

Val

Ile

Trp

Asn

Ala
350

895

Leu

15

Cys

Ala

Leu

Asn

Asp

95

Val

Asn

Asp

Val

Ser

175

Leu

Met

Arg

Ala

Leu

255

Gly

Thr

Arg

Ser

Ser
335

Ala

Gly

Thr

Ala

Thr

Ala

80

Trp

Gly

Gly

Gly

Asn

160

Thr

Asp

Tyr

Arg

Leu

240

Asp

Lys

Trp

Ala

Ser
320

Pro

Ser
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-continued

54

Pro

Ala

385

Leu

Ser

Ser

Thr

Lys

Leu

370

Met

Lys

Ala

Gly

Pro
450

Asp

355

Phe

Asp

Ile

Ala

Val

435

Asp

Ala

Val

Arg

Ser

Phe

420

Leu

Ser

Tyr

Thr

Ala

Tyr

405

Arg

Thr

Phe

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ile

Ala

Asp

Asn

65

Thr

Ser

Thr

Asn

Cys

145

Pro

Ala

Pro

Arg

His

225

Gln

Ser

Ser

Ala

Ala

Tyr

50

Val

Phe

Gln

Leu

Gly

130

Asn

Thr

Lys

Gly

Ile
210
Leu

Leu

Asn

Arg

Ala

Pro

35

Lys

Thr

Asn

Ser

Ala

115

Asn

Gly

Asp

Val

Gly

195

Ala

Asp

Val

Gly

Thr

Gly

20

Phe

Ile

Asn

Gly

Gly

100

Thr

Ser

Asp

Pro

Tyr

180

Ser

Ala

Glu

Ile

Glu
260

583

Arg

Glu

Ser

390

Ala

Pro

Glu

Pro

Ser

Phe

375

Thr

Asn

Gly

Ser

Thr
455

Thr

360

Gly

Thr

Trp

Thr

Gly

440

Gly

Leu

Thr

Ala

Thr

Cys

425

Ala

Ser

Val

Trp

Tyr

410

Gly

Leu

Streptomyces DpondAA-B6

13

Ser

Ala

Ala

Glu

Asn

Gly

85

Ser

Gly

Thr

Thr

Pro

165

Val

Arg

Ile

Ala

Tyr
245

Leu

Arg

Leu

Ala

Asn

Gly

70

Glu

Ala

Ala

Val

Thr

150

Ala

Asn

Val

Glu

Leu
230

Asp

Gly

Thr

Val

Ser

Gln

55

Ala

Gln

Val

Ser

Pro

135

Gly

Gly

Pro

Ala

Gly
215
Thr

Leu

Pro

Thr

Ala

Ala

Trp

Pro

Val

Thr

Ala

120

Ala

Pro

Asn

Glu

Asn

200

Ala

Gln

Pro

Thr

Leu

Ala

25

Ala

Asn

Val

Ser

Ala

105

Ser

Thr

Thr

Arg

Trp

185

Gln

Asn

Lys

Gly

Glu
265

Arg

10

Ala

Ala

Gly

Thr

Gln

90

Lys

Phe

Phe

Asp

Val

170

Ser

Pro

Gly

Gly

Arg

250

Ile

Arg

Ser

Leu

395

Ser

Gly

Leu

Arg

Ala

Ala

Gly

Ser

75

Gly

Asp

Gly

Lys

Pro

155

Asp

Ala

Thr

Ser

Ser
235

Asp

Gly

Ala

Ala

380

Asp

Asp

Gly

Lys

Ser

Gly

Thr

Leu

60

Trp

Trp

Ala

Phe

Leu

140

Thr

Asn

Asn

Gly

Met
220
Gly

Cys

Arg

Ala

365

Thr

Leu

Ala

Asp

Asn
445

Arg

Ser

Gly

Thr

Gln

Asn

Gly

Asn

125

Asn

Asp

Pro

Ala

Val

205

Gly

Glu

Ala

Tyr

Ala

Gly

Leu

Pro

Tyr

430

Arg

Thr

Ala

30

Cys

Ala

Leu

Ala

Tyr

110

Ala

Gly

Pro

Tyr

Ala

190

Trp

Leu

Leu

Ala

Lys
270

Arg

Gly

Asp

Glu

415

Ser

Ile

Ala

15

Ala

Thr

Ala

Gln

Thr

95

Asn

Thr

Val

Thr

Gln

175

Ala

Leu

Arg

Val

Leu
255

Thr

Leu

Gly

Gln

400

Ser

Gly

Ser

Leu

Ala

Val

Val

Trp

80

Ile

Gly

Gly

Thr

Asp

160

Gly

Glu

Asp

Glu

Val
240

Ala

Glu
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-continued

56

Tyr

Leu

Thr

305

Lys

Leu

Gly

Phe
385

Ser

Arg

Ile

Pro

465

Asp

Leu

Pro
Thr
545

Ala

Lys

Ile

Arg

290

Asn

Ala

Gly

Trp

Glu

370

Ile

Ile

Asp

Asn

Asp

450

Gly

Arg

Gly

Trp

Asn

530

Gly

Pro

Asn

Asp

275

Ile

Ala

Asn

Asp

Ile

355

Ala

Thr

Asn

Trp

Glu

435

Thr

Ala

Arg

Glu

Met

515

Asp

Asn

Val

Ala

Pro

Val

Gly

Gly

Ala

340

Gly

Ala

Asn

Asp

Asn

420

Leu

Ser

Thr

Ile

Arg

500

Lys

Glu

Pro

Ser

Tyr
580

Ile

Thr

Gly

Asn

325

Pro

Trp

Thr

Thr

Ser

405

Arg

Val

Arg

Thr

His

485

Pro

Pro

Gly

Arg

Gly

565

Pro

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces DpondAA-Bé

PRT

<400> SEQUENCE:

Met

1

Ser

Cys

Ala

Asn

Arg

Ala

Pro

888

14

Ala

Thr

Arg

310

Tyr

Asn

Asp

Ala

Ala

390

Val

Tyr

Ser

Asn

Ser

470

Leu

Thr

Pro

Lys

Asn

550

Lys

Ala

Ala Leu Pro Pro

5

Tyr Gly Arg Arg

20

Gly Ala Leu Ala

35

Gly Pro Glu Gln

Ala

Val

295

Glu

Val

Val

Asp

Glu

375

Asn

Asn

Thr

Val

Gly

455

Val

Gly

Ala

Gly

Gly

535

Asn

Trp

Leu

Pro

Ala

Val

Ile

Ile

280

Glu

Thr

Lys

Tyr

Asn

360

Gly

Tyr

Gly

Asp

Gly

440

Trp

Asp

Asn

Ala

Glu

520

Phe

Asn

Phe

Ala

Leu

Pro

40

Thr

Val

Ile

Ala

Gly

Asn

345

Phe

Ala

Ser

Thr

Glu

425

Phe

Gly

Thr

Trp

Pro

505

Ser

Asp

Asn

Ser

Arg
Gly
25

Gly

Asn

Ala

Asp

Thr

Val

330

Tyr

Gly

Thr

Ala

Ser

410

Leu

Asn

Gly

Tyr

Cys

490

Glu

Asp

Arg

Pro

Ala
570

Pro
10
Ile

Thr

Gly

Asp

Ser

Pro

315

Gly

Ile

Ala

Val

Leu

395

Val

Ser

Ser

Ser

Val

475

Asn

Pro

Gly

Met

Ser

555

Gln

Ala

Ser

Ala

Asp

Pro

Leu

300

Ala

Tyr

Asp

Ser

Asn

380

Lys

Arg

Phe

Gly

Ala

460

Asp

Gln

Gly

Ser

Cys

540

Gly

Phe

Pro

Ala

Leu

Phe

Lys

285

Pro

Cys

Ala

Ala

Ala

365

Asp

Glu

Glu

Ala

Ile

445

Arg

Gly

Ala

Ile

Ser

525

Asp

Ala

Gln

Val

Ala

Ala

45

Ser

Tyr

Asn

Asp

Leu

Gly

350

Gln

Val

Gln

Ser

Gln

430

Gly

Pro

Gly

Gly

Asp

510

Ser

Pro

Leu

Glu

Arg
Ala
30

Asp

Ala

Ala

Leu

Val

Asn

335

His

Ile

His

Asn

Lys

415

Ala

Met

Ser

Arg

Ala

495

Ala

Glu

Thr

Gly

Leu
575

Ser
15
Leu

Asp

Gly

Gly

Val

Met

320

Lys

His

Phe

Gly

Phe

400

Trp

Phe

Leu

Gly

Tyr

480

Gly

Tyr

Ile

Tyr

Gly

560

Met

Arg

Leu

Ala

Thr
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-continued

58

Ala
65
Arg

Ile

Leu

Pro

145

Arg

Glu

Gln

Asp

225

Thr

Arg

Asp

Ile

Phe

305

Glu

Gly

Asp

Thr

385

Leu

Ala

Glu

Thr

His
465

50

Pro

Leu

Val

Ser

Gln

130

Val

Asp

Ala

Pro

Val

210

Ala

Ala

Gln

Gly

Arg

290

Tyr

Glu

Asp

Val

Asn

370

Leu

Arg

Arg

Pro

Gly
450

Ala

Trp

Cys

Gly

Tyr

115

Glu

Gly

Gln

Thr

Pro

195

Gly

Glu

Ala

Arg

Tyr

275

Gly

His

Tyr

Thr

Ser

355

Gly

Thr

Val

Trp

Leu
435

Leu

Pro

Trp

Val

Gln

100

Thr

Ala

Thr

Pro

Thr

180

Val

Tyr

Ala

Thr

Val

260

Thr

Asp

Asn

Ala

Asp

340

Gly

Gly

Ala

Pro

Glu
420
Ala

Pro

Ser

Trp

Glu

85

Asn

Ala

Val

Glu

Ala

165

Phe

Tyr

Leu

Pro

Gly

245

His

Val

Leu

Arg

Arg

325

Val

Gly

Ile

Asp

Glu

405

Met

Gly

Met

Thr

Thr

70

Val

Asp

Arg

Glu

Asp

150

Ala

Cys

Val

Pro

Leu

230

Thr

Thr

Glu

Tyr

Ser

310

Pro

Pro

Trp

Ser

Asn

390

Arg

Asp

Met

Lys

Ala
470

55

Pro

Pro

Ile

Ser

Pro

135

Thr

Ser

Leu

Pro

Arg

215

Thr

Thr

Phe

Val

Asp

295

Gly

Ala

Cys

Tyr

Val

375

Ala

Gly

Phe

Val

Pro
455

Ala

Asn

Ala

Pro

Thr

120

Tyr

Gln

Val

Asp

Asp

200

Gly

Trp

Val

Asp

Asp

280

Gly

Ile

Gly

Lys

Asp

360

Ala

Glu

Asn

Leu

His
440

His

Thr

Ala

Gly

Ile

105

Val

Gly

Val

Gln

Asp

185

Thr

Val

Thr

Pro

Phe

265

Gly

Leu

Glu

His

Pro

345

Ala

Gln

Ser

Gly

Ile
425
His

Leu

Leu

Ser

Thr

90

Val

Pro

Thr

Thr

Leu

170

Val

Gly

Lys

Val

Arg

250

Gly

Glu

Arg

Ile

Ile

330

Gly

Gly

Leu

Ala

Val

410

Lys

Lys

Asp

Asn

Ala

75

Ala

Ala

Leu

Val

Arg

155

Gln

Ser

Ser

Ser

Lys

235

Gly

Gly

Val

Ser

Asp

315

Gly

Val

Asp

Met

Gln

395

Pro

Met

Met

Pro

Leu
475

60

Ala

Glu

Gly

Thr

Leu

140

Thr

Ile

Leu

Pro

Gly

220

Ala

Glu

Leu

Ser

Asp

300

Ala

Val

Cys

His

Ser

380

Leu

Asp

Gln

His

Gln
460

Ala

Val

Ala

Glu

Val

125

Ala

Phe

Gly

Arg

Val

205

Thr

Gly

Asp

Thr

Glu

285

Ala

Asp

Ala

Asp

Gly

365

Thr

Asp

Ile

Val

Asp
445

Gln

Ala

Ser

Trp

Ser

110

Gln

Thr

Thr

Gly

Gly

190

Arg

Val

Asp

Pro

Thr

270

Pro

Leu

Leu

Pro

Tyr

350

Lys

Tyr

Asp

Leu

Pro
430
Ala

Arg

Thr

Glu

Asp

95

Tyr

Thr

Ala

Ala

Gly

175

Gly

Val

Val

Gly

Ser

255

Pro

Phe

Ala

Val

Asn

335

Arg

Tyr

Glu

Gly

Asp

415

Ala

Glu

Glu

Ala

Gly

80

Val

Glu

Arg

Asp

Ser

160

Glu

Ala

Asn

Thr

Ser

240

Ser

Gly

Ser

Tyr

Gly

320

Lys

Leu

Val

Arg

Ala

400

Glu

Gly

Trp

Leu

Ala
480
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-continued

60

Gln

Cys

Asp

Asp

Thr

545

Leu

Trp

Asn

Thr

Leu

625

Gln

Gly

Phe

Arg

Ser

705

Leu

Gly

Thr

Ser

Thr

785

Ser

Ser

Ala

Asn

865

Asn

Cys

Leu

Val

Asn

530

Thr

His

Gly

Asn

Ala

610

Pro

Val

Glu

Gly

Asp

690

Ser

Thr

Cys

Asn

Tyr

770

Cys

Ser

Leu

Ala

Trp
850

Thr

Gly

Ala

Arg

Phe

515

Asp

Thr

Gly

Ala

Leu

595

Ala

Tyr

Leu

Ala

Arg

675

Ser

Leu

Ala

Ala

Glu

755

Leu

Glu

Val

Thr

Glu
835
Asn

Ser

Arg

Arg

Ala

500

Ala

Val

Gly

Asp

Thr

580

Thr

Asp

Ala

Asn

Ala

660

Asn

His

Pro

Ala

Pro

740

Ile

Asp

Val

Arg

Trp

820

Phe

Arg

Ala

Ala

Leu

485

Ala

Asp

Ser

Lys

Ala

565

Ala

Thr

Arg

Pro

Asn

645

Tyr

Pro

Asn

Asn

Gly

725

Ala

Thr

Asp

Thr

Val

805

Leu

Glu

Thr

Thr

Cys
885

Tyr

Glu

Pro

Asp

Asp

550

Asp

Gly

Asp

Tyr

Arg

630

Met

Gln

Leu

Gln

Pro

710

Ser

Met

Val

Ala

Tyr

790

Glu

Leu

Gln

Leu

Gly

870

Ala

Ala

Thr

Asn

Glu

535

Thr

Ala

Leu

Gln

Ala

615

Gly

Val

Asp

Asn

His

695

Ala

Gly

Cys

Asn

Gly

775

Ser

Asn

Pro

His

Ala
855

Ala

Ser

Pro

Ala

Asp

520

Phe

Tyr

Val

Gly

Leu

600

Ala

Thr

Val

Ala

Gln

680

His

Pro

Asp

Tyr

Trp

760

Asp

Ser

Thr

Gly

Gly

840

Pro

Ala

Gly

Tyr

Trp

505

Gly

Tyr

Arg

Phe

Ala

585

Asp

Gln

Asp

Leu

Val

665

Ser

Arg

Gly

Pro

Ile

745

Asn

Gly

His

Gly

Glu
825
Arg

Gly

Ala

Asp

490

Asp

Val

Trp

Gln

Pro

570

Leu

Gly

Ser

Tyr

Ala

650

Leu

Tyr

Phe

Ser

Val

730

Asp

Ala

Gly

Pro

Ser

810

Gln

Thr

Ala

Asp

Glu

Ala

Gly

Ala

Glu

555

Ala

Thr

Val

Arg

Val

635

Val

Arg

Val

Trp

Val

715

Ala

Asp

Pro

Gln

Trp

795

Ala

Lys

Val

Ala

Pro
875

Asp

Ala

Gly

Ala

540

Val

Gly

Leu

Arg

Ala

620

Trp

Ala

Gly

Thr

Ala

700

Ala

Ala

Ile

Leu

Thr

780

Ser

Pro

Leu

Ser

Val

860

Gly

Phe

Lys

Gly

525

Ala

Leu

Gly

Ala

Ala

605

Gln

Gly

His

Ala

Gly

685

His

Gly

Glu

Gly

Ala

765

Thr

Gly

Val

Ser

Ala
845

Asp

Thr

Ala

Arg

510

Thr

Glu

Ser

Gly

Thr

590

Thr

Ala

Ser

Asp

Asp

670

Tyr

Gln

Gly

Lys

Ser

750

Phe

Ala

Gly

Glu

His

830

Arg

Phe

Phe

Asp

495

His

Tyr

Leu

Ser

Leu

575

Val

Val

Tyr

Asn

Leu

655

Tyr

Gly

Tyr

Pro

Leu

735

Trp

Ile

Ser

Ser

Pro

815

Thr

Pro

Gly

Lys

Arg

Pro

Asp

Phe

Asp

560

Ser

Pro

Thr

Gly

Ser

640

Thr

Leu

Glu

Asp

Asn

720

Ser

Ser

Ala

Arg

Thr

800

Trp

Trp

Leu

Phe

Leu
880
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<210>
<211>
<212>
<213>

<400>

Met
1
Ala

Ala

Asp
65

Ala

Pro

Thr

Asp

145

Trp

Thr

Gly

Trp

Met

225

Pro

Ala

Gly

Ser

305

Gln

Thr

Phe

Phe

Lys

Ser

Pro

Ile

50

Ala

Asp

Tyr

Lys

Tyr

130

Pro

Phe

Ala

Gly

Ser

210

Ala

Trp

Leu

Asp

Phe

290

Gly

Ala

Gly

Gly

Thr
370

Ser

Leu

Ala

35

Gln

Gln

Gly

Asn

Arg

115

Val

Gln

Asn

Thr

Asn

195

Phe

Gln

Gln

Thr

Gly

275

Thr

Trp

Trp

Ala

Phe
355

Leu

PRT

SEQUENCE :

Leu

Val

Gln

Asp

Cys

Ser

Gly

100

Leu

Asp

Pro

Arg

Val

180

Asp

Asp

Asn

Asn

Gly

260

Pro

Ala

Arg

Asn

Ala
340

Gln

Asn

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM:

379

Streptomyces DpondAA-B6

15

Ile

Ala

Ala

Arg

Val

Val

85

Cys

Asp

Gly

Lys

Val

165

Ala

Val

Val

Ser

Gly

245

Gly

Cys

Asp

Leu

Ala
325
Phe

Gly

Gly

Ala

Leu

Ala

Tyr

Asp

70

Pro

His

Ser

Ala

Lys

150

Gly

Gly

Ile

Met

Trp

230

Ala

Gly

Ala

Val

Gly

310

Thr

Asn

Thr

Ala

Ser

Ala

Asp

Val

55

Val

Thr

Tyr

Ile

Val

135

Asp

Pro

Arg

Ser

Asp

215

Tyr

Gly

Ser

Val

Lys

295

Phe

Val

Ala

His

Val
375

Leu

Thr

Ser

40

Val

Thr

Asn

Thr

Ser

120

Tyr

Gly

Ile

Gly

Phe

200

Phe

Leu

Leu

Glu

Ser

280

Val

Thr

Thr

Glu

Ser
360

Cys

Arg

Cys

25

Ile

Gln

Asp

Gly

Asn

105

Ser

Asp

Val

Gln

Trp

185

Val

Val

Thr

Ala

Gly

265

Tyr

Thr

Leu

Pro

Ile
345

Gly

Thr

Ser

10

Ala

Cys

Asn

Asp

Ala

Cys

Ala

Ala

Asn

Pro

170

Glu

Ser

Asp

Ser

Val

250

Pro

Thr

Asn

Pro

Ser

330

Ala

Thr

Val

Ala

Ala

Gly

Asn

Gly

75

Pro

Ser

Pro

Ala

Arg

155

Val

Val

Pro

Ala

Val

235

Ser

Gly

Ala

Thr

Gln

315

Ser

Ala

Phe

Gly

Gly

Leu

Gln

Arg

60

Phe

Lys

Pro

Thr

Tyr

140

Thr

Gly

Trp

Ser

Thr

220

Gln

Ser

Glu

Asn

Gly

300

Gly

Gly

Gly

Thr

Thr

Gly

Tyr

45

Trp

Thr

Ser

Gly

Ala

125

Asp

Glu

Ser

Thr

Ala

205

Val

Ala

Phe

Pro

Ala

285

Thr

Gln

Ala

Ala

Lys
365

Ala

Ala

Gly

Gly

Val

Tyr

Thr

110

Ile

Ile

Ile

Gln

Gly

190

Ile

Ala

Gly

Ser

Gly

270

Trp

Val

Thr

Val

Ser
350

Pro

Val

15

Leu

Thr

Thr

Thr

Pro

95

Glu

Thr

Trp

Met

Thr

175

Asn

Ser

Arg

Phe

Ser

255

Thr

Thr

Pro

Val

Thr
335

Gln

Asp

Thr

Ala

Thr

Thr

Arg

80

Ser

Leu

Tyr

Leu

Ile

160

Gly

Asn

Ser

Gly

Glu

240

Ser

Pro

Asp

Val

Thr
320
Ala

Ser

Arg
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-continued

64

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces DpondAA-Bé

PRT

<400> SEQUENCE:

Met

1

Pro

Asp

Ser

Gln

65

Thr

Gln

Asp

Gln

Thr

145

Gly

Gly

Ala

Ser

225

Thr

Thr

Ala

Thr

Ser

305

Gly

Thr

Ser

Thr

Ala

Ala

Trp

Gly

50

Gln

Val

Ala

Pro

Pro

130

Ala

Ala

Thr

Gly

Ala

210

Val

Phe

Val

Ser

Val

290

Ala

Ala

Asp

Val

Ser

Ala

Gln

Gly

35

Ala

Leu

Thr

Val

Thr

115

Pro

Gly

Thr

Asp

Ser

195

Glu

Ala

Asn

Ala

Leu

275

Ser

Pro

Lys

Pro

Glu
355

Glu

Leu

Ala

Ser

Ile

Thr

Val

Thr

100

Ala

Ile

Asp

Ile

Thr

180

His

Ser

Thr

Val

Arg

260

Thr

Ala

Gly

Glu

Ala
340

Thr

Ala

954

16

Ala Leu

Ala Ala

Gly Phe

Asp Gly

Ser Gly
70

Lys Asn
85

Ala Gly

Phe Ala

Ala Val

Pro Val
150

Ser Lys
165

Thr Ser

Ser Val

Pro Pro

Pro Ala

230

Ser Leu
245

Thr Ala

Phe Thr

Asp Gly

His Gly

310
Tyr Asp
325
Asn Gly

Leu Ile

Tyr Ser

Pro

Val

Thr

Trp

55

Trp

Ala

Ala

Val

Leu

135

Pro

Val

Pro

Tyr

Ala

215

Gln

Ser

Gly

Pro

Ser

295

Lys

Ala

Tyr

Val

Tyr

Leu

Ala

Thr

40

Thr

Ser

Asp

Gln

Asn

120

Thr

Leu

Glu

Tyr

Ala

200

Gly

Leu

Thr

Asn

Ala

280

Gly

Ala

Arg

Phe

Glu
360

Leu

Gly

Cys

25

Glu

Leu

Gly

Trp

Phe

105

Gly

Ser

Ala

Phe

Ser

185

Arg

Ile

Gly

Ala

Thr

265

Asn

Thr

Glu

Phe

Ser
345

Ala

Ile

Met

10

Ser

Leu

Thr

Val

Asn

90

Thr

Thr

Pro

Ala

Tyr

170

Tyr

Ala

Thr

Val

Pro

250

Gly

Trp

Gly

Val

Leu
330
Pro

Pro

Trp

Thr

Val

Thr

Tyr

Trp

75

Gly

Tyr

Val

Ala

Thr

155

Asp

Thr

Tyr

Val

Gln

235

Ala

Leu

Ser

Ala

Thr

315

Asp

Glu

Asp

Leu

Ala

Asp

Leu

Asp

60

Ser

Thr

Ser

Cys

Ala

140

Ala

Asn

Ala

Asp

Ala

220

Gln

Ser

Ser

Thr

Ala

300

Val

Leu

Gly

His

Gln

Ala

Tyr

Thr

45

Tyr

Gln

Val

Gly

Ala

125

Gly

Ala

Thr

Gln

Ser

205

Ala

Gly

Asn

Val

Pro

285

Thr

Thr

Tyr

Ile

Gly
365

Ala

Ala

Lys

30

Asn

Ala

Ser

Ala

Thr

110

Gly

Ala

Ala

Thr

Gly

190

Leu

Gly

Lys

Val

Thr

270

Gln

Phe

Gln

Gly

Pro
350

His

Met

Gly

15

Ala

Arg

Gly

Gly

Ala

Asn

Ala

Val

Ala

Leu

175

Leu

Gly

Pro

Ser

Thr

255

Gly

Lys

Thr

Leu

Lys
335
Tyr

Glu

Tyr

Thr

Asn

Gly

Asn

Lys

80

Gly

Thr

His

Phe

Asp

160

Leu

Ser

Ala

Ala

Gly

240

Ala

Gly

Val

Val

Ala

320

Val

His

Thr

Gly
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-continued

66

Lys

385

Glu

Tyr

Asn

Pro

Gly

465

Ser

Ile

Thr

Leu

Thr

545

Ala

Thr

Phe

Cys

Tyr

625

Arg

Ala

Gly

Gln

Ser
705

Asn

Tyr

Trp

Tyr
785

370

Ile

Thr

Asp

Glu

Ile

450

Met

Pro

Asn

His

Asp

530

Asn

Asp

Val

Asp

Pro

610

Tyr

Ile

Tyr

Gln

Trp

690

Trp

Gly

Gln

Tyr

Val
770

Leu

Thr

Tyr

Ala

Tyr

435

Ala

His

Gly

Thr

Pro

515

Leu

Ala

Val

Gly

Lys

595

Ala

Ala

Gly

Ala

Gln

675

Leu

Lys

Met

Trp

His

755

Asp

Met

Gly

Met

Ser

420

Pro

Ala

Trp

Thr

Phe

500

Thr

Phe

Pro

Trp

Lys

580

Tyr

Gly

Trp

Ser

Leu

660

Asp

Gln

Gly

Tyr

Phe
740
Glu

Trp

Pro

Asp

Ile

405

Lys

Ala

Glu

Ile

Cys

485

Gln

Cys

Thr

Asp

Ala

565

Ala

Phe

Ser

Gly

Ser

645

Ser

Trp

Ser

Gly

Tyr

725

Gly

Ser

Ala

Ser

Trp

390

Pro

Pro

Val

Leu

Gln

470

Ala

Arg

Asp

Gly

Ala

550

Lys

Ala

Lys

Gly

Gly

630

His

Ser

Ala

Asp

Tyr

710

Asp

Phe

Gly

Leu

Thr
790

375

Thr

Thr

Ala

Leu

Lys

455

Asp

Ala

Gly

Asn

Asp

535

Asp

Glu

Lys

Lys

Lys

615

Ala

Ala

Val

Lys

Glu

695

Ala

Glu

Gln

Asp

Ser
775

Leu

Arg

His

Thr

Asp

440

Ser

Val

Gly

Pro

Phe

520

Ser

Ala

Gln

Met

Ile

600

Asp

Thr

His

Ala

Ser

680

Gly

Gln

Lys

Ala

Ala
760

Glu

Gln

Phe

Ala

Tyr

425

Gly

Ala

Asp

Pro

Gln

505

Thr

Ser

Arg

Gly

Gly

585

Gly

Ser

Asp

Gly

Asp

665

Leu

Ala

Pro

Pro

Trp
745
Gln

Thr

Trp

Asn

Asp

410

Ala

Ser

Tyr

Asn

Thr

490

Glu

Tyr

Tyr

Ala

Lys

570

Asp

Asp

Ser

Thr

Gly

650

Leu

Asp

Ile

Pro

Val

730

Ser

Ala

Thr

Ser

Gly

395

Gln

Pro

Val

Gly

Val

475

Gln

Ser

Gly

Ala

Val

555

Ser

Tyr

Cys

His

Ser

635

Tyr

Lys

Arg

Ala

Ala

715

Tyr

Met

Lys

Val

Gly
795

380

Ala

Pro

Glu

Ser

Thr

460

Tyr

Thr

Val

Gly

Lys

540

Gln

Ala

Leu

Val

Tyr

620

Ala

Gln

Pro

Gln

Gly

700

Gly

His

Glu

Ala

Asn
780

Ala

Trp

Thr

His

Ser

445

Asp

Gly

Gly

Trp

Ala

525

Gln

Ala

Asp

Arg

Gly

605

Leu

Gly

Asn

Lys

Leu

685

Gly

Thr

Asp

Arg

Val
765

Pro

Pro

Asp

Asn

Asp

430

Gly

Asp

Tyr

Pro

Glu

510

Asn

Trp

Ala

Val

Tyr

590

Pro

Met

Trp

Pro

Ser

670

Asp

Ala

Pro

Pro

Val
750
Leu

Asp

Asp

Thr

Ala

415

Thr

Ser

Ile

Gly

Ser

495

Thr

Gly

Lys

Tyr

Ala

575

Ser

Thr

Ser

Ala

Met

655

Ala

Phe

Thr

Thr

Pro

735

Ala

Asp

Gly

Thr

Met

400

Tyr

Pro

Asp

Tyr

Asn

480

Tyr

Val

Tyr

Phe

Trp

560

Gly

Met

Thr

Trp

Trp

640

Ala

Thr

Tyr

Asn

Phe

720

Ser

Glu

Lys

Thr

Trp
800
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-continued

68

Asn

Asp

Thr

Glu

Asp

Pro

Ala
945

Ala

Tyr

Tyr

Ala

850

Ala

Tyr

Asp

Pro

Val

930

Leu

Ser

Thr

Tyr

835

Leu

Val

Val

Gln

Asn

915

Phe

Gly

Asn

Asn

820

Ala

Leu

Pro

Pro

Asp

900

Trp

Thr

Ala

Pro Gly
805

Asp Val

Ala Lys

Asp Gly

Glu Thr

870
Gly Gly
885
Ser Thr
Pro Lys

Tyr His

Tyr Ala
950

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Leu

Ala

Cys

65

Phe

Pro

Ser

Ser

Gly

145

Ala

Pro

Leu

Trp

Ala

Leu

His

Asp

Arg

Ala

Asp

Ala

Gly

130

Asp

Leu

Gln

Thr

Val

Gly

Gly

Gly

35

Ala

Asp

Val

Gly

Tyr

115

Ala

Phe

Gly

Gln

Leu
195

Arg

Arg

Ala

20

Val

Leu

Ala

Leu

Thr

100

Asn

Gly

Arg

Trp

Gly

180

Pro

Ser

360

Ser

Gly

Ser

Met

855

Arg

Trp

Phe

Val

Arg

935

Asp

Asn

Val

Gly

840

Trp

Ala

Thr

Val

Gln

920

Phe

Leu

Ala

Ala

825

Asp

Gln

Asp

Gly

Ser

905

Ala

Trp

Leu

Gly

810

Gly

Ala

His

Tyr

Ala

890

Ile

Tyr

Ala

Glu

Streptomyces DpondAA-B6

17

Ser Arg

Leu Gly

Ala Met

Ser Gly

Leu Ser

70

Asp Ser
85

Leu Cys

Ala Ala

Ile Gln

Val Tyr
150

Asn Asp
165
Ser Pro

Ser Gly

Asp Ser

Leu

Leu

Met

Thr

55

Lys

Asn

Ser

Arg

Leu

135

Val

Leu

Gly

Arg

Gln

Ile

Thr

Pro

40

Gly

Ser

Ala

Ala

Ala

120

Gln

Thr

Gln

Ala

Ser
200

Glu

Ser

Ala

25

Gly

Ala

Gly

Gly

Gly

105

Asp

Tyr

Lys

Leu

Asn
185

Gly

Asn

Leu

10

Leu

Ser

Leu

Ala

Gly

90

Asp

Trp

Ser

Pro

Val
170
Gly

Asp

Phe

Leu

Ala

Asp

Tyr

Asn

875

Met

Arg

Leu

Gln

Ala

Trp

Arg

Asn

Asn

75

Arg

Arg

Pro

Asn

Ser

155

Gln

Gly

Ala

Phe

His

Tyr

Ala

Gln

860

Arg

Pro

Ser

Asp

Ala
940

Ala

Gln

Thr

Pro

60

Ala

Gly

Ser

Lys

Trp

140

Trp

Thr

His

Leu

Ser

Val

Ala

Lys

845

Asp

Phe

Asn

Phe

Gly

925

Asp

Val

Gly

Tyr

45

Thr

Leu

Ala

Pro

Thr

125

Ala

Ser

Val

Tyr

Met
205

Cys

Thr

Arg

830

Ala

Asp

Asp

Gly

Tyr

910

Gly

Ile

Leu

Lys

30

Leu

Asn

Tyr

Gly

Tyr

110

His

Ala

Pro

Ser

Tyr
190

Phe

Ser

Val

815

Thr

Thr

Ala

Asp

Asp

895

Gln

Ala

Ala

Ala

15

Ala

Cys

Pro

Asn

Tyr

95

Asp

Leu

His

Thr

Asn

175

Trp

Ile

Asp

Ala

Leu

Ala

Gly

Pro

880

Thr

Asp

Ala

Leu

Thr

Glu

Gln

Ala

Trp

80

Val

Phe

Thr

Pro

Ser

160

Pro

Asp

Gln

Ile
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70

210

Val Phe Asp

225

Asn Gly Thr

215

Gly Gly Lys Gly Glu
230

Pro Thr Pro Thr Pro

245

His Ser Gly Ser Cys Met Ala Val

Gly Gly Phe
275

260

Gln Ala Ser Val Glu

280

Arg Asn Gly Trp Ala Val Gln Trp

290

Asn Ser Val

305

Thr Val Arg

Val Thr Phe

Gly Thr Ile
355

295

Trp Asn Gly Thr Leu
310

Asn Val Asp His Asn

325

Gly Phe Thr Ala Asn

340

Gly Cys Val Thr Ser

<210> SEQ ID NO 18
<211> LENGTH: 1089

<212> TYPE

: DNA

360

<213> ORGANISM: Streptomyces sp

<400> SEQUENCE: 18

atggccegec

ttgggtctga

ggtagccgga

acgaacccceg

ttcgcagtac

ctgtgcagtyg

gactggccge

gcagcacace

gagctggect

ggagcaggca

ggagacgcat

tgtagtgata

acacccacac

ggtagttgca

gtggaagtca

gggagcggta

acggtcacag

tteggtttea

acctegtag

gcagccgact

cggeectgty

cctacctgtyg

cctgtegaga

tggactctaa

caggggaccyg

ggacccacct

ceggtgactt

gggatgacct

ccaacggggyg

tgatgttcat

tagtgttcga

cgacccccac

tggcagtcta

tgaaccacgg

cccagattaa

tgcgggacgt

ccgecacate

<210> SEQ ID NO 19
<211> LENGTH: 2865

<212> TYPE:

DNA

gatctcactt

gccgggcaag

ccagttggac

tgcactgage

cgccggcgga

ctcccectac

gacgagegge

ccegtgtgtat

tcagctegtyg

gcactactat

ccagtgggtg

cggaggtaat

gecgaccece

caacgtggtce

cacggagecg

cagtgtatgg

cgaccacaac

aaccggcaat

Val

Thr

Tyr

265

Val

Lys

Ser

Arg

Ser
345

Thr

Pro

250

Asn

Met

Pro

Thr

Val

330

Thr

Gly

235

Thr

Val

Asn

Gly

Gly

315

Ile

Gly

SirexAA-E

gcageggtet

gccgaagege

geccteagty

cagtcgggtg

aggggagegy

gatttctcag

gccacactca

ctgacaaaac

caaaccgtet

tgggatctgg

cgtteggata

ggggaggtaa

accecctacge

agttcatggg

cgcaacgggt

aacggatcge

cgtgtaatceg

gactatcccyg

220

Ile Gly Gly Ser Gly

Pro Thr Asp

Glu Ser Ser
270

His Gly Thr

285

Thr Gly Thr

300

240
Pro Glu
255
Trp Asn

Glu Pro

Gln Ile

Ser Asp Gly Thr Val

Ala Pro Asp

Asn Asp Phe
350

tggcaacctt

atggtgtecge

ggacaggtgc

ccaacgeect

getatgtgee

catacaatgce

aggtccaata

ccggatgggc

cgaatccgee

cgctgecgag

gccaggagaa

ctggaatcgyg

cgacagacce

ccgggggatt

gggcggttca

tgtccaccgy

caccggatgg

cagggacgat

320

Gly Ser
335

Pro Ala

gettggegea
aatgacaccc
gcttaacceg
ctataattgyg
agacggatcc
ggcacgtgce
ttcgaactygyg
gecgacctca
ccaacaagga
cgggagaagt
cttetteteg
gggaacggga
tgagcatage
ccaggcaage
atggaagccg
tagcgacggg
tagtgtgacyg

cggatgcgtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1089
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<213> ORGANISM: Streptomyces sp SirexAA-E

<400> SEQUENCE: 19

atggcagcac ttgcactccce getggggatg acggecgcag cgggtacgga ggcacaggcece 60
gcagceggtag cctgtagegt cgattacacce accagegact ggggcagtgg tttcactaca 120
gagctcacat tgaccaaccg cggaagcgca gccatcgatg getggacget tacatacgac 180
tatgcgggta atcagcagct gacgagegga tggagtggta cctggtccca gagceggcaaa 240
acagtctctyg tcaaaaacgc agcctggaat ggagcaattyg cggegggage agcggtaacyg 300
acaggtgcce aattcacgta cagtggagcec aataccgcecce cgacaacctt cgcagtaaac 360
ggaaccgtgt gegecggage acatcagecg ccaatcgcag tectgaccag tecggcagec 420
ggagcagttt tcteggcggg ggatccagtg cecttggegg cgacagegge agecgcagac 480
ggtgcaacaa tctcgaaggt cgaattttac gacgacacga cgctgctegg taccgacaca 540
acatcgccegt acagttatga ggccggacag ctegecgcag gttcectcacag tgtatacgca 600
agagcctacg actctetggg agectcagca gatagtcecte cggegggcat aacggtegte 660
acaggaccgg cggtegtagt atcaccageg cagetgggtyg tgcagcaagyg taggagcgga 720
acgttcgacg tatccctgag cacggeccece geagetgacyg tgaccgtgac agcecgcacgt 780
tcggecaggta atacgggett gtceggtgacce gggggcagea cgcttacctt cacacccgece 840
aactggtcga cgccgcaaaa agtgacagtce acagcagacyg gatcgggaac gggtgcggca 900
acattcacgg tcactgcacc gggtcacgge aaggcagagyg tgaccgtcac gcagetggeg 960
gcagcgaagyg agtacgacgce ccgcettectt gacctctacg gaaaaatcac ggaccccgeg 1020
aacgggtatt tcagcccgga gggtattcce tatcactegg tggaaacctt gatcgttgaa 1080
gccececggace acggacatga aaccacgtcg gaagcatatt cctacctgat atggctgcag 1140
gcaatgtatg ggaaaatcac aggagactgg acgaagttca acggagcatg ggataccatg 1200
gaaacgtaca tgatcccgac ccacgcagac caaccgacta atagcttcta tgatgcgagt 1260
aagcccgcaa catacgeccce ggagcacgac acccccaatyg aatatccgge agtcectggac 1320
ggttcggcaa gttccggaag cgaccccata gccgcagagce tcaaatcggce atatggtacyg 1380
gatgacatct acggcatgca ctggatccag gatgtggaca atgtctatgg ttacggaaac 1440
geeccgggea cctgtgcage ggggeccaca caggcaggte caagctacat caacacgtte 1500
caacgggggt cccaggagag cgtatgggag acggtcacce acccgacatyg cgacaattte 1560
acgtatggag gcgcaaacgg ttacctcgat ctgttcaccg gecgattcgte gtacgcgaag 1620
cagtggaagt tcacaaatgc cccggacgca gacgcccgeg ccegtgcaage agcatattgg 1680
geggacgtgt gggccaagga acaaggcaag gcaggagagg tcgcagacac agtgggaaag 1740
gcagcgaaga tgggtgacta tctgcgctac agcatgttceg acaagtattt caagaagatt 1800
ggcgattgeyg taggaccgac cacatgcccce gcaggttegg gcaaggactc cgcacactat 1860
cttatgagct ggtactatgce atggggcggce gccacggaca cttceggcagg ctggtcectgg 1920
cgcatcggtt ccagccatge acatggtggce tatcagaacc cgatggcagce gtacgcactg 1980
tcctecgtag cagatctcaa geccgaagage gecacgggtyg cacaagattyg ggcaaagagt 2040
ctggaccggce agttggactt ctaccagtgg ctgcagtecg acgagggcgce gatcgcegggg 2100
ggtgcaacca atagctggaa gggatcgtat gcacaaccge ccgcegggceac geccacctte 2160
tatggaatgt actatgacga aaagccggtg tatcacgacc cgccgagcaa ccaatggttce 2220
gggttccagyg catggagcat ggagcgagtc gcagaatact accatgagtc gggcgacgea 2280
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74

-continued
caggcaaagg cagtcctgga taagtgggtg gactgggcecce tcetcagaaac gacagtcaac 2340
cccgacggaa cgtatctcat geccagcaca ttgcagtggt cgggtgcgece ggatacatgg 2400
aatgcaagta acccgggtgce aaacgcccaa ctecacgtga cegtggcaga ctatacagac 2460
gatgtcggeg tggeccggggce atacgcccge acgcttacgt attatgccgce aaaaagceggce 2520
gacacggaag cagaggcgac cgccgaggca ctgctggatg gtatgtggca acatcaccag 2580
gacgacgcgg gtgtggcagt ccccgaaacce cgcgcggact ataatcgatt tgacgatcecg 2640
gtgtatgtce cgggaggttg gactggcegece atgccgaacyg gagacacagt ggatgaggac 2700
agtacgttct tgtcaatccg ttegttttat aaagacgatc ccaactggcce gcaggtccag 2760
gcatatctgg acggtggtgce cgcaccggtce ttcacttacc atagattctg ggcacaagca 2820
gatattgcac tggccctggg tgcatacgca gacctceccteg aatga 2865
<210> SEQ ID NO 20
<211> LENGTH: 1371
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp SirexAA-E
<400> SEQUENCE: 20
atgaagcgcet tcctggcact cctegecace tgtgcaacgyg tecteggget gaccgecctt 60
acaggaccce aagcagtagce cgcggceggga tgcaccgecg attataccat aacgtcgcag 120
tggcagggceyg gattccaage agcagtaaaa gtgaccaatce tgggtacacce ggtcaccggt 180
tggaagctca cattcacatt gccggatgca gggcagaaag tggtgcaggyg ctggaacgca 240
gegtggagece aatcgggatce ggcggtgaca gecgcagggg ccgactggaa tggtacccett 300
gcaaccggtyg cgagtgcaga ggcgggcttce gteggttegt tcacaggggce caacccgeca 360
ccgacagegt tcgcactcaa tggagtegece tgtaccggtt caaccggtga gccaccggeg 420
ggaagcgatyg gcggcacace ggtcgatgta aacggtcage tcecatgtatg tggagtcaac 480
ctgtgtaacce agtacgaccg tccagtgcaa ttgcgceggta tgtccaccca cggtatccag 540
tggttcgacyg catgctatga cgcggcaagt ctggacgege tggccaacga ctggaagtce 600
gacctectyge gaattgcaat gtatgtgcag gaagacggat acgagacaga cccggccgga 660
ttcacgcegte gggtcaatga cctggtagac atggcagaag cccgeggcat gtatgecctg 720
atagatttce acacgctgac tcccggtgac ccgaatgtceca accttgatceg tgccaagace 780
ttettegega gegtggecge aagaaatgec ggtaaaaaga acgtcatcta tgagatcgca 840
aacgagccga acggagtaac ctggacagca gtcaagtegt atgccgagca ggtgatacce 900
gtecatcegeyg cagcagacce ggacgcagtg gtaatcegtgg gaaccagggg ttggagcagt 960
ctcggtgtca gecgacggatce ggacgagagt gaagtggtca acagtccggt gaatgccacc 1020
aacattatgt acgcattcca cttttatgcce gcgagccaca aagacgcgta cagaagtacg 1080
ctcagcaggg cggcagcacg tcttccectg ttegtcacag aattcggtac cgtaagtgcece 1140
accggtggag gagccatgga tcgggcaage accaccgegt ggcetggacct gctcegatcag 1200
ctcaaaatct cgtatgcaaa ctggacatac agtgacgcac cggagagctc cgcggcctte 1260
cgeccecgggga cctgtggtgg aggtgactat tceccggatcag gtgtattgac ggagagcggce 1320
gcacttctca agaatcgtat aagtacaccg gattcattcc cgactggtta a 1371

<210> SEQ ID NO 21
<211> LENGTH: 2730

<212> TYPE:

DNA
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<213> ORGANISM: Streptomyces sp SirexAA-E

<400> SEQUENCE: 21

atgtggtgcee accectacct gegtctecge accagcggac gaaaggtatce cagtgtaaat 60
getttgecte cececcagcacyg tcectgecacct gtgeggecac ggtcceggta cggtegecgyg 120
gtecteggaa tgtecggcegge cgcactectg tgtgecggag cactcgcagt accgggtaca 180
gecgatggcayg atgatgccga accggggecg ggtccagage agatcacgaa cggtgactte 240
gccaccggaa cgteggcace gtggtggtgg acgcccaacyg cgtccgcage cgtgtcggaa 300
ggtegtetgt gegtagaggt gcecggcagge acggccaatg catgggatgt aatagtcegge 360
cagaacgacg tacccatcgt cgcgggtgaa agttacgage tcagttacac cgccegetceg 420
acagtcccge tcacggtgca aacccgggte caagaggcag tggagccgta caccacggta 480
ctggecaceg cagaccceegt aggtgeggag gatacacgeg tggcacgcac gttcacggeg 540
tcegtegace aaccggegge atcagtacag ctgcagatag gcggaggaga acgggcaacce 600
accttetgtt tggacgacgt gtctctgege ggaggcgcag agecccceggt gtatgteccg 660
gatacaggga gtcecggtgeg cgtgaaccag gtaggttacce tteccagggg accaaagteg 720
ggcacagtygyg tcaccgacgce agaagcgecce ctgacgtgga ccgtgaaggce agaggacggt 780
tcgaccgegg ccaccggtac gaccgtecceg cggggagaag acccgagcete gegecgacgt 840
gtgcacacat tcgatttcgg tgacctcacce acagccggeg acggatatac cgtagaggtce 900
gacggtgagyg taagcgagcce cttctcaatt cgeggtgatce tgtacgactce getgegtage 960
gacgcccteg cgtatttcta tcataaccga tcgggaatcg agatcgacgc cgacctggte 1020
ggggagcaat acgcacgtce cgcaggtcac attggegteg caccgaataa gggagacacce 1080
gacgtccegt gtegecctgg agtgtgtgat taccgecteg acgtctececgg gggatggtac 1140
gacgcgggceg atcacgggaa atatgtagtg aacggaggta tcagcecgtggce ccagcttatg 1200
gcaacgtacyg aacgtaccct cacggegecg gatgcggagt cggccgaact cggagatggt 1260
gcactcecgeg teccggagceg cgacaatgga gtgcctgaca ttttggacga agcacggtgg 1320
gagatggatt tcctgatcaa gatgcaggta ccggctggeg aacaactcgce aggcatggtyg 1380
caccacaaaa tgcacgacgc cgaatggacc ggactcccaa tgaagcccca tctcegaccce 1440
cagcagcgeg agctgcatce tccgtcecacg geagcaacac tcaatttgge agccaccgca 1500
gcacagtgtg cacgtctgta tgccccattc gacgcagact tcegccgatcg ctgtctgagg 1560
geegcagaaa ccgectggga cgcagccaaa aggcacccegg acgtcectege agatcccaac 1620
gacggaatcg gtggcggtge atataatgac gacgatgtat cagacgagtt ctactgggca 1680
gcggecgagt tgttcaccac gacagggaag gatatttacc gtcaggcggt cttgtcgage 1740
gcctggcatyg gagacgcagg tgccgtattce ccggegggeyg gaggtatctce gtggggtage 1800
acggcaggcce tcggtgtect taccctggca acagtcccca acgctttgac ctcecggatcag 1860
ctegeacagg tgcgaaccgt agtgaccgag ggagccgace gctatgcage ccagtcaagg 1920
gaacaagcat acgggctcce gtatgcgeccce cgtggcgagg actatgtatg gggcagcaat 1980
tcgcaggtce tgaataacat ggtggtcecttg gccacggcac acgacctgac aggtgacgca 2040
gcgtaccagg atgcagtgct ccggggcegece gactatctec tgggcaggaa tcectcttaac 2100
caaagctacg taaccgggta tggtgaacgt gacagccaca atcagcacca tecgtttttgg 2160
gegeaccaaa acgatccgte gttgeccaac ccggeccceg getcegattge cggeggacce 2220
aacctcacag caatcgcaag tggcgatcce gtagcagegg agaagctgag cggttgtgea 2280
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-continued
ccegcaatgt gectacgtgga cgatattgga agttgggcaa ccaacgaaat cacgatcaac 2340
tggaacgcgce ccttggectt catcgectcee tatctggacg acgcaggtga gggagggcag 2400
acagccgcag cccgcacgtg ccaagtcacce tattcgagec acccgtggaa cagtggatca 2460
acagtaacgg tccgtgtgga gaataccggt tcggatccegg tgtcecgeccctg ggccectcacg 2520
tggttgctge cgggggaaca gcgcctcagt cacacttggt cagccgagtt cgaccaacat 2580
ggcegtacgyg tcagecgcacg cccectgteg tggaategta cactggcacce gggagcggea 2640
gtggacttcg gattcaacac gtcagccgca ggctcgagte cggagccggg ggcattcaag 2700
ctcaacggaa gggcatgtag cgcaggttga 2730
<210> SEQ ID NO 22
<211> LENGTH: 1752
<212> TYPE: DNA
<213> ORGANISM: Streptomyces DpondAA-Bé
<400> SEQUENCE: 22
atgagtcgta cgagccgaac cacgctgege cggtegegea cagecctgat cgcagcagga 60
geectegtag cagcagcage gggcagtgca gecgcagecg cacctttege agegtccgea 120
gcagccgcaa ccggatgcac cgtagactat aaaatcgaga accagtggaa cggaggactg 180
acagccgcag tcaacgtcac caacaacggce gegecggtaa cgtcatggea gctgcagtgg 240
accttcaatyg ggggagaaca agtctcccag ggatggaacyg caacaatcag ccagagcggg 300
tcagcagtaa ctgcaaaaga tgccggttac aatggtacac tggcaacagyg cgccagcgca 360
tegtttggat tcaacgccac aggtaatgge aacagtacceg tceccggcegac attcaaactg 420
aacggagtga cctgtaacgg ggataccacc ggacccacag acccaacgga tcctacggac 480
ccgacggate ccceggecagg gaatcgegtg gacaaccegt atcagggege aaaggtatac 540
gtgaatcegyg agtggagcge gaacgcecgca geggaacctyg ggggtteceg tgtcgcaaac 600
caacccaccg gagtgtggcet cgaccgcata gecagcgateg agggtgccaa tggatcgatg 660
ggtttgegtyg agcatctgga cgaagecttg acccagaagg gtagcggaga getggtcegta 720
caactcgtga tttatgactt gccgggtege gactgtgegyg cectggcatce caacggcgaa 780
cteggaccga cagaaatcgg cagatataag accgagtaca tcgacccaat cgcggecata 840
gtegeggace ccaaatatge cggactgegt atcgtaacaa cggtggaaat agacagcctg 900
cctaatctgg taacgaacgc aggtggecgt gaaaccgcaa caccggcatyg tgatgtcatg 960
aaggcaaacg gaaactatgt caagggcgtg ggatatgcac tgaacaagct cggagacgcg 1020
cccaatgtct acaactatat tgacgccggt caccacggat ggatcgggtg ggacgataat 1080
tteggegeat cggegcaaat attccacgaa gecagcaactyg cggagggage aaccgtaaac 1140
gacgtgcacg gtttcatcac gaacacggcg aattacagcg cactgaaaga acagaacttc 1200
agcatcaacg atagcgtcaa tggcacttcce gtgagggaat cgaagtgggt cgactggaac 1260
cgctacacgg acgagctcag cttcgcacaa gcgttccecgga acgaacttgt gagecgtecggce 1320
ttcaattcgg gtattgggat gctgatcgac accagtcgaa acggctgggg aggtagcgca 1380
cggcccagtg gaccaggggce taccaccagt gtcgacacgt atgtggatgg tggccgctat 1440
gaccggcegea tccacctggg aaactggtgce aatcaagccg gagcaggttt gggggaacga 1500
ccaaccgcag ccccecgagece cggtatcgac geatatgttt ggatgaagec gcecgggagag 1560
tcggacgggt ccagctccga gatccectaat gatgagggta aaggcttcga ccgcatgtgt 1620
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gacccgacat acacgggaaa cccccggaac aacaacaatce cgtegggege attgggggga

gegecegtga gtggtaagtg gtteteggee cagttccagg agetcatgaa gaacgcatat

cctgeactet

ga

<210> SEQ ID NO 23
<211> LENGTH: 1083

<212> TYPE

: DNA

<213> ORGANISM: Streptomyces DpondAA-Bé

<400> SEQUENCE: 23

atggceggea
ctgggectca
ggaagccgga
acaaacccgg
ttcgcagtee
ctgtgeteceyg
gactggccga
gecgcacate
gegeteggat
agccctggag
ggggacgcac
tgttcggaca
aatggaacac
tgtatggeeg
gtaatgaatc
ggtacgcaga
acagtcagga
ttcaccgeca

tga

ggteccegect

cecgeectety

catatctgtg

catgtcgega

tggacagtaa

ceggegacag

agacgcacct

cgggegactt

ggaacgacct

ccaacggtygyg

tgatgttcat

tagtattcga

cgacacccac

tatataacgt

acggtaccga

tcaacagtgt

acgtggacca

attcgacagg

<210> SEQ ID NO 24
<211> LENGTH: 2865

<212> TYPE:

DNA

gatttcccte

gcagggtaag

ccaagtggac

tgcgctgage

cgccggcgga

aagccegtac

gacgagtgge

ccgagtcetac

gcagctggta

tcactattat

ccagtgggte

cggaggcaag

accecacccece

ggagtccteyg

gecgegaaac

atggaacggt

taaccgegta

aaacgacttc

geggeggtee
geggaagcac
geecctetety
aaatcgggtyg
agaggtgcag
gacttcagcg
gcaggaatce
gtcactaagce
cagaccgtgt
tgggacctca
cgtagcgaca
ggcgaagtga
acgcccacag
tggaatggag
ggatgggcgyg
accctgteca
atagcaccgg

ccegegggea

<213> ORGANISM: Streptomyces DpondAA-Bé

<400> SEQUENCE: 24

atggcagcac

gcageggtag

gaactgacac

tatgccggta

acggtaacag

geeggtgeac

gggaccgtat

ggagcggtct

ggtgcgacca

acctcaccat

tggecttgee

catgctcagt

tcacaaatcg

accagcagtt

tgaagaacgc

agttcacgta

dcgcegggage

tcacagcagyg

tttccaaggt

actcatatac

gctgggtatg

agactacaag

cggtagtggt

gacatcagga

agactggaac

tagtggaacc

acaccagccc

cgatceggta

ggagttctac

agcgcaagga

accgcagegyg

gccaacgatt

gegatcegacyg

tggtcgggtyg

ggaaccgteg

aatacagacc

ccgatageceg

cegetggeeyg

gacaacacta

ctgtcageeyg

tggccacatt

atggggtcgc

gcaccggage

caaatgcect

gctacgtgee

catataatgce

agttgcagta

cgtegtggte

cgaatccgee

cecctgeegte

gtcaggagaa

ccggtategyg

atcccgagea

gettecagge

tccagtggaa

cagggtcgga

atggaagcgt

cgatcggatyg

caggcaccce

ggggttcggg

gatggacact

tgtggagtca

cggecggeca

cgacagcgtt

tcctcaccag

caaccgcage

cactgcetegyg

ggagtcatte

getgggtgea
aatgatgcce
actgaacccyg
gtacaattgg
ggatgggacc
ggcacgtgce
tagcaattgg
acccacaagce
geagcaggge
gggtecggteg
cttcttetec
ggggtecggt
cagcgggteg
cagcgtagag
gecgggaacg
cggtaccgte
cactttecgge

tgtaacgagt

ggcacaggca

cttcaccacce

cacgtacgat

gagtggtaag

ggcagtcaca

cgcagtgaac

ccctgeagea

agcagcggac

cacagacact

cgtgtatgea

1680

1740

1752

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1083

60

120

180

240

300

360

420

480

540

600
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cgegeatacyg actcattggg tgcgagegca gaaagtcege cagecggaat caccgtcgca 660
gegggtecgyg cagtagtcege aacacccgec cagcteggag tacagcaggg aaagtcggge 720
accttcaacg tgtceccttte aactgcaccg gectcaaatyg tcacagcaac cgtcgcacgg 780
acggcaggaa atacaggatt gagcgtcacc ggaggcgegt cactgacctt cacgeccgece 840
aactggtcga cccctcaaaa agtaaccgte tecgcagatg gttegggaac aggagcagca 900
acgttcacag tgagtgcgcce tggtcacgga aaggcagagg taacggtaac gcagctcgeg 960
ggtgcaaagg agtatgatgc acgattcctg gacttgtacg gcaaagtgac cgatccggec 1020
aacgggtact tctctccgga gggaatacca taccactcag tggagacgct gattgtcgaa 1080
gcgecggace acggtcatga gacgaccagt gaagcctata gctacttgat atggctgcaa 1140
gcaatgtacyg gcaagatcac gggtgactgg acccgettca acggcgegtg ggacacaatg 1200
gaaacctata tgatccccac acacgcagac cagccgacca atgcatatta cgacgccagt 1260
aagcctgcaa catacgcacc cgagcacgac accccaaacyg aatacccgge ggtacttgac 1320
ggaagcgtat catcgggcte agaccccatce gecgecgage tgaagtegge atatggaacce 1380
gatgacatct atggaatgca ctggatccag gatgtcgaca acgtatacgg ctacgggaac 1440
agtcecgggaa cgtgtgetge agggccaacce cagaccggac cgagctatat caacacctte 1500
cagaggggte cccaggagtc ggtgtgggag acggtcacge acccaacatyg cgacaattte 1560
acctacgggg gagcaaatgg atatctcgat ctgttcacag gtgactcaag ctatgcgaag 1620
caatggaagt tcacgaacgc ccccgacgeg gacgcaagag cagtacaagce agcatactgg 1680
gcagacgtat gggccaaaga acaaggtaag agtgcagacg tggcgggcac agtgggtaag 1740
gcggcaaaga tgggagacta tctgcggtac tcaatgtteg acaagtattt caagaagatc 1800
ggtgactgecg tcggcccgac cacctgceccg gcaggctctyg gtaaagatag ttcectcactac 1860
ctcatgagtt ggtactatgc ctggggcgga gcaaccgaca cctceggcagg gtgggcatgg 1920
cgtataggaa gttcacacgc acacggcggt taccaaaacc ctatggcagce gtatgcegttg 1980
tegteggtgg cagacctgaa gccaaagagt gcaacgggece agcaggattyg ggcaaagagce 2040
ctggaccgcce agttggactt ctaccaatgg ttgcagtegg acgaaggggce gatcgcagga 2100
ggegecacca actcgtggaa gggtgggtat geccagecge cggcegggtac acccacgtte 2160
cacggaatgt actacgacga gaagcccgta taccacgacc cgccctccaa tcagtggtte 2220
ggattccaag cctggtcaat ggaacgggtc gcagagtatt atcatgagtc aggtgatgca 2280
caggcgaagg ccgtgctcega caagtgggtce gattgggcac tgtcggaaac tacagtcaat 2340
ccegacggaa cctacctgat gecatcaaca ctgcagtgga geggegecce tgacacctgg 2400
aacgcatcaa acccgggatc gaatgegggt ctgcacgtga cagtagcaga ctatacgaac 2460
gacgtgggty tggccggtge atacgcgagg acgctgacat attacgecgce aaagagcgga 2520
gacgccgatyg ccaaggcaac cgcagaggca ctgctegacg gecatgtggca gcactaccaa 2580
gatgacgegyg gagtggccegt ccccgagacg cgcgcagatt ataaccggtt cgacgatcca 2640
gtgtacgtce ccggtggctg gaccggtgece atgccgaatg gggataccgt ggaccaggac 2700
tcgacattcg tatccataag gtecttectat caggatgacce ccaactggcce gaaggtccag 2760
gcctaccttyg acggtggage ggcgccggtce ttcacgtacce accgtttttg ggcccaggca 2820
gatatcgett tggecttggg tgcctatgca gacctgcteg aatga 2865

<210> SEQ ID NO 25
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<211> LENGTH: 1140
<212> TYPE: DNA
<213> ORGANISM: Streptomyces DpondAA-Bé
<400> SEQUENCE: 25
atgaagagcce tcatcgectce cctcaggtca gecaggcacgg cagtcacage aagectggtg 60
gegetegeca cctygegcage cttgggagca ctggcagcac cggcacaggce agcagattceg 120
atctgtggee agtatggaac gacggtaatc caagaccget atgtcgtcca aaacaaccga 180
tggggaacca cggacgcgca gtgtgtggac gtgaccgacyg atgggttcac cgtaacgcge 240
gcagacggcet cggtccccac caatggagca ccgaagtcegt atccgagegt ctataacggt 300
tgtcattaca caaattgttc gccgggaacce gagctcecega ageggctgga tagtatcage 360
tcegecceca cagegatcac atatacgtac gtegacggtyg cegtatacga cgcagcatat 420
gacatctgge tcgatcctca gcoccgaaaaag gacggegtga acaggacaga gatcatgatce 480
tggttcaate gggtggggce catacagecg gteggtagece agacgggtac cgccacggtyg 540
gcaggtagag ggtgggaagt ctggaccggt aacaacggag gtaatgacgt catttcctte 600
gtatccecegt cggcaatcte cagetggagt ttcgacgtca tggacttegt agacgcaacy 660
gtggcegegeyg gaatggcaca gaactcatgg tatctgacct cggtgcagge gggettcgaa 720
cegtggcaga acggagecgg cctcegecagta tegtecttet caagttceggt gttgaccggt 780
ggcggttcayg agggacccgg cgagecggga acaccggecg atggteegtg cgcagtcage 840
tataccgcca acgcatggac agacggattce acggcagacyg tgaaggtcac caatacaggce 900
acagtgccag tctegggatg geggttgggt ttcacactge cccaggggca gacggtcace 960
caggcatgga acgccacggt aacccegteg agtggagcag tgacggccac cggtgcageg 1020
ttcaacgcag agatagcagc aggggcaagt cagagtttcg gatttcaagg tacccactcg 1080
ggaaccttca caaagcccga ccgtttcacce ctcaacggtg cggtctgtac agtceggetga 1140
<210> SEQ ID NO 26
<211> LENGTH: 2667
<212> TYPE: DNA
<213> ORGANISM: Streptomyces DpondAA-Bé
<400> SEQUENCE: 26
atgaacgcat tgcctccacce ggcgeggect gecccagtac gtteccgete gegttatgga 60
cgacgtgcac tgggaatcag tgcageggeg ttgetetgtyg caggegeget cgeggtecce 120
ggcacagcac tggcggatga tgcagcccct ggtceccgaac agatcaccaa cggagactte 180
agcgecggta cagegecatg gtggtggacg cegaacgect cegeggcagt gagcgaagge 240
cgattgtgtg tagaggtccce cgccggaacce gcagaagect gggacgtaat cgtgggtcaa 300
aacgatatcce ctatagtcgce aggcgagtcce tacgagctga gttatacage gcgcagtacg 360
gtaccgctceca cegtgcagac gcgegtccag gaagcagtag agccatacgg aactgtgetce 420
gecaccgeayg atccggtcegg aacggaggat acccaggtga cacgtacctt cacagcatcce 480
gtegatcaac cggecggccag cgtccagetce caaattgggg ggggagaacg cgcgacgacce 540
ttetgecttyg acgacgtcag cctceegtgge ggagcagage cteccgtata tgtgecggac 600
acgggatcce cagtccgagt caaccaagtg ggatatctge cgegeggtgt caagagegge 660
acagtcgtaa cagacgcaga ggcaccgetce acctggacag tgaaggccegyg ggatggaage 720
accgcagcaa ctggaaccac agtgccgegg ggtgaggace ccagttcceeg acagegggte 780
cacacattcg attteggtgg actgaccacg cegggcgatyg gttacacagt agaggtggac 840
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ggagaggtat cggagccctt ctcgatccga ggtgacctet atgatgggtt gegetccgat 900
geectggect acttctatca caaccggage ggtatcgaaa tagatgcaga cctggtggge 960
gaggaatatyg cccgtcccge agggcacatt ggcegtegege cgaacaaggg agacacggac 1020
gtcecegtgta agccaggagt ctgtgactat cggctcgatg tcetcaggegg ttggtacgac 1080
gccggcgace acggtaagta cgtagtcaac gggggaatca gcegtggcaca gcttatgtcece 1140
acatatgagc gcactctcac cgcggacaac gcagaatcgg cacagctgga cgatggegece 1200
ctgagggtee cggaacgtgg aaatggagtg ccggacatce tggatgagge acgatgggaa 1260
atggatttcce tgataaagat gcaggtccct gccggggage cgttggcagg aatggtgcat 1320
cacaaaatgc acgacgccga gtggaccgga ctgccgatga agecgcactt ggacccgcaa 1380
cagcgtgaac ttcatgcacc ctccaccgeca gecaccctea acctggegge gacggcagca 1440
cagtgcgccce gactctatge gecctatgac gaggactteg ccgaccgttg teteccgagcea 1500
gcagaaaccyg catgggacgce agcgaaaagg cacccggatg tcettcegecga cceccaatgac 1560
ggtgtcggtyg gtggtacata cgatgataat gacgtatccg acgagttcta ttgggccgeg 1620
gccgaactet tcaccaccac aggcaaggac acctatcgtce aagaggtgtt gtcgagtgat 1680
cttcacggtg atgcagatgc cgtctteccce gcaggaggcg gcctcagctg gggtgccaca 1740
geagggceteyg gggegetcac actggecacg gtaccgaaca acctgaccac ggaccagcete 1800
gatggtgtge gggcaaccgt caccaccgca gcagatcggt atgcggegca atcccgegece 1860
caggcatatg gcctceccegta cgcaccgcge ggaacggatt acgtatgggg tagcaactcce 1920
caggtactca ataacatggt ggtcctegece gtagcacacyg acctgaccgyg agaagcggca 1980
tatcaggacg cggtactccg gggtgcagac tacttgtteg ggcgcaatcce getgaatcag 2040
tcgtatgtca cgggatacgg cgagcgagac tctcacaacc agcaccacag gttctgggca 2100
catcaatatg atagcagttt gcctaatcce gcaccaggtt ccgtagcagg tggcccgaac 2160
ctcacggcag caggaagtgg tgacccegte geggcecgaaa agetgtceggyg ctgegecccg 2220
gcaatgtgct acatcgacga catcgggagt tggagcacca acgagattac agtaaattgg 2280
aacgcgcecgce tecgcattcat tgectcegtac cttgacgacg ccggagatgg tggccagacce 2340
acagcgtcac gtacatgcga agtcacgtat agetcgcace cgtggagegyg gggaagtace 2400
gtcteggtge gagtagagaa tacaggttcg geccccagtgg aaccctggtce actgacgtgg 2460
ttgctgcegyg gcegagcagaa getcteccac acctggtcecag ccgaattcega gcaacacggg 2520
cgcaccgtgt cagcaaggcce getggegtgg aaccggaccee ttgcaccggyg agcecgcagta 2580
gacttcggcet tcaatacgag cgcgacagga gcagcggcceg atccaggcac gttcaagttg 2640
aacggtegeg cctgtgcatce gggctga 2667
<210> SEQ ID NO 27
<211> LENGTH: 2133
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 27
atgtcaacce gtggaaccat aaaacagggt ctgcgccgta gactcgcage agcaagtgca 60
ctggcaatgg gagcggcact cgcagtagca atcccgacaa ccgcagacgce cgcagecgece 120
cgagtcgata atccatatgt cggtgcaaag gcatacgtga acccagactyg gagtgcaaaa 180
gcageggeeyg aaccgggcgg agcagcgatt gecgatacac cggegttegt gtggatggac 240
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cgcategcag caatcggtgg tacaccgggt gecatgtege tcagggaaca cctggacacg 300
gcactggatce agggtgcaaa tctcttccaa gtegtcatcet acgacctecce gggtegtgac 360
tgcgcagece ttgcaagtaa tggggagetg ggaccgacgg agcetcgatag gtataagtce 420
gaatacatcyg acccgatcag tgagatcctce geggacccegg catacgcgaa tctgcggata 480
gtcacaatca tcgagcccga ctcegetgecg aatattgtga cgaatgeggg tggcaccgea 540
ggatcgacag acgcgtgtge aacaatgaag gccaacggta attatgagaa aggcgtceggt 600
tatgcactce acaccctegg tgccatccceg aatgtatata actacgtgga cgcagceccac 660
cacggetggt tggggtggga tagcaacatg gtgccggeceyg gggtggagtt caagaaggca 720
gcaacaagtyg agggagcaac cgtggacgat gtcgcaggat tcatagtaaa tacggcgaac 780
tactccgcac ttaaggagcc caatttcaaa ataaccgact cagtgaacgg cactacggtg 840
cgtcagagta agtgggtcga ttggaactac tatactgacyg agctcagttt cgcgcaggcece 900
ctgcgeacce agetggtagg ccagggattce aactctaaca teggtatget cattgacacg 960
gcacgcaatyg gatggggagg ctcggatcegt ccgacatcag cagggcecget gacgtceggte 1020
gacgactacg tcaacggtgg ccgggtcgat cgccggatcec atgcgggaaa ctggtgcaat 1080
cagtctggeg caggaatcgg cgagaggecg acctcagege ccgaagceggyg aatcgacgeg 1140
tatgtatggg caaagcccce cggcgagtceg gacgggagta gtcaggcaga agataacgac 1200
gagggaaaag gtttcgatcg aatgtgtgac ccgacatatg aaggcaacgg aaggaacgga 1260
aacagcaaga cgggcgegtt gecgaattcece ccagtagcag ggcactggtt cagtgcacag 1320
ttccaagagce ttgtccgtaa tgcatatcce ccgatcgacg gtagcggaga gaacccgggt 1380
ggcggeggayg acgacgatac ccaggegecg acggcaccga cagggctcac atccteggeg 1440
aagaccagtt caagcgtcag tctctcatgg accgcectect cggacaataa agcagtgacce 1500
ggttacgatyg tctaccgggg aggaacgaag gtaggcagca cgaccacgac atcgtacacyg 1560
gacacgggac tgagcgccte gacggcatat tcatacaccyg tgaaggcgaa agatgccgec 1620
gggaacgtgt cggcagcatc gtcagcactg agcgtcacaa cgtcagecgg gggaggcaca 1680
ggaacgggaa gcctgaaggt ccaatataaa aataacgaca acagtccgac agacaaccag 1740
atcaggttcg gtctgcaact cgtgaatacg ggatcctegg ccgtggacct gagtaccgtce 1800
aagctceget actggttcac cccagaatcce ggcagctceca cgttcgggac agectgcgat 1860
tatgcagtac tgggatgtgg taagctgtcce cttgccgtac aatcaggcgg aagtgcggca 1920
ggagcaagtc actacctcga ggtcagettce gggtcgggga gecttgegge aggtgcatcce 1980
acgggggaaa tgcagctgcg actgaacaag agcgattggt cgaacttcaa tgaggcggac 2040
gactatagtc atgggaccgg aacctcgttc gccgacgcat ccaaaatagg agtgtatacce 2100
gcecggegegt tgtecctgggg tacagcccct tga 2133
<210> SEQ ID NO 28
<211> LENGTH: 1104
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 28
atggcgcegca ggcgcacaca gectggcaage cttgeggeeg tectggecac cctecteggt 60
ggcatcgect tcactectget gggacagggt teggcacaag cccacggegt gaccatgtec 120
cecgggatcecee gtacatacct ctgctggttg gacgcaaaga catcgaccgyg ttcactggat 180
ccgaccaate cggcatgtaa ggcagcactt gecgagteeg gegegtecte getgtataac 240
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tggttegeeg tgctegacag taacgcaggt ggacgaggeyg caggatacgt acccgacgge 300
accctttgta gegetggaga caggtcgecg tacaatttca caggctataa cgcageccgg 360
ggggattgge ccaggactca tctgaccage ggcgcgaaaa tcgaggtaga ccactcaaat 420
tgggcagcege acccgggaga gttccegtgtg tatatgagea agecgggata ctcegecgace 480
acggaactceg gttgggatga cctcgaccte atccagacceyg tctctaatcece gcecccaagtyg 540
gggtccceegy gaacggacgg tggecattat tattgggatce tgactttgec ctegggcagy 600
tcaggagatg ccgttatgtt catccaatgg gtaaggageg acagtcagga gaacttctte 660
agctgcagtg acatcgtett cgatggegge aatggtgaag taaccggaat ccgeggaagt 720
ggctcgacee cagacccgga cccaaccgac ccgaccccgg acccgacaga ccectaccgat 780
ccgacagace cccacacagg atgcatggca gtgtacaatg tgacgaatag ctggtcaggt 840
ggattccagyg gtagcgttga agtaatgaac cataatacca cggcgctecga cggttgggeg 900
gtgcagtgga aaccgggtac cggtacgaca gtctccageg tatggteggg cgtattgteg 960
acgggaagtg atggtaccct cacggtgaag aacgcagact ataatcgcag catcccaccyg 1020
gacggctegg tcaccttcegg tttcacggeg acctcgacgg ggaacgattt cccggtgggg 1080
tccataggtt gtgtctcecee gtga 1104
<210> SEQ ID NO 29
<211> LENGTH: 2763
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 29
atgctggcag tcggectege acagggtacce geaatcgega ggccagcaag tgcccaggca 60
ggcacgggtyg cacgtgcgge cgcagcggga gacgatccect acacccaggce cttectgacy 120
cagtacggta agctgaagga cgctgcaaac ggctattttt caccggatgg cttgecgtac 180
cattcggtag aaaccttgat ggtggaggca cctgatcatg gccaccagac gacctctgaa 240
geegtetect tetggatgtyg gttggaggcece gecatacggte gagtaacggg cgactgggec 300
cegttecaatyg cagegtggge agtcgcagaa aagaccatta tceccccagea tgcggaccag 360
tcgacatceg actegtataa cccgtecgea ceggecacgt atgcaccgga gcaccctetg 420
ccgagegget accegtegge attggatggt accgtcecegyg teggtacaga ccctcetcage 480
gcagaattgyg cgagttcgta tggaaccatg gacgtgtatg gtatgcattg getcatggat 540
ctggacaacg tgtatggtta cggtaacaag ccgggtacgg gtggagagag cggtcccgge 600
gcaggagcegt cgttcataaa tacctatcaa cgtggtgcac aggagagegt gtgggagacyg 660
gtaccgcaac cgacgacgga tctcttcaag tacggagggce cgaacggata cctggacttg 720
ttegtgggtyg actccageta cgcgaaacaa tggaagtaca ccaacgcacce ggacgcecgat 780
gcacgegeeyg tccaggcegge atactgggca tatceggtggg caagtgagca aggcaaggaa 840
tcgcaggtgg cagcatcggt ggcgaaagcec gcaaaaatgg gtgactacct ccgctatgece 900
atgttcgaca agtatttcaa gcgagtcgga gattgtacgg acccaaatag ctgccccgca 960
gcgtegggte gegacagceca gcactacctg ttgtecgtggt actatgecctg gggtggegca 1020
geggcaggta gtggaggcegg atgggectgg cgtateggtyg acggggcatc gcaccaggga 1080
tatcagaacc cgcttgcagce atgggccctg agcaacgtcecce cgtcecgctgac cceccgaagagt 1140
gcaacggccec gatcggattg gtccaagtceg ctgacccgec aactcgagtt cttgacatgg 1200
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ctgcagtcaa gcgagggcege cctggcaggg ggttgcacca actcatggga aggcagctac 1260
tcaacacccce cggccggaac geccacttte tatggtatgg catacgactg gcagcecggtg 1320
tatcatgacc cggcgtcgaa taattggttc ggcttccaag cctggggtat ggaaagggtg 1380
gcggcatact actatgtaac ggggaacgca acagcagagg cagtgctttc gaagtgggtce 1440
gcctgggeat catcggaaac cactattgga tcggacggta gettceegttt ccecttcegacy 1500
ctgaattgga ccggggaacc agacacctgg aacgcagcat cccecgggtga taacgccgga 1560
ctgcatgtgt cagtcgtaga ctatgcaaat gacgtcggag tcggtgcggce gtatgtgaag 1620
acactcacct actacgcagc gaagagcgga gacgaagatyg cagccgcatt ggcaaaggcce 1680
ctgctegacyg caatggcact caacacaacc gacaagggaa tcagtgtccce ggaaacgcge 1740
ctcgactaca atcgtttcga tgacgaggtc tacatccegt cgggctggte tggtacaatg 1800
ccgaacggtg acccecgteceg tecgggaagt actttcattt ccatacggag ctggtataaa 1860
gatgacccag actggcctaa agtacaggca tacctcgacg gcggggatgce gccggtatte 1920
acctaccacc ggttctggge ccaagccgcce ctggcattgg cattcgcaat ttatgcggaa 1980
cttetggtag agggaggagg tggggaacct ggtggtgaca cggagccgece gaccgcaccyg 2040
ggcggactca ccgtaacagce tacaacgaag gatagcgtet cecctcagetg gtceggcatca 2100
accgacaaca cagcagtgac cgggtatgac gtgtaccgta atggagtact ggccggaaac 2160
gcaacaggcce gcacattcac ggatagcggce ctcgcagcca atacggaata tacatatgeg 2220
gtegcageca gggacgcagg tgggaataca tctgcegetga gegatgecgt cctggcaaag 2280
acaaaaacag gtgggagcac gggtaccgge gcagtaaagyg tccagtataa gtcgaccgat 2340
agcteggcaa ctgacaacca aatccgtatg ggactgcaag tagtcaacac cggctcggca 2400
ccggtagatce tgtcgacagt gaaggtgcge tattggttca cagccgacgg tggaccctcece 2460
accttcggaa catactgcga ctatgccgca ttggggagct cgacgattac ccacactgtce 2520
gtcgecgtaa gectegecgaa gacaggagca gaccgatacce tggaggtcgg gtttaccggt 2580
ggtgcgggea cactcgcage aggtgegtcece acgggggaga tccaattgeg actgaacaag 2640
tcggattggt caaatttcaa cgaggccgat gactacagcc gtgcaaccaa tacagcctat 2700
gcagattcegt ctaaggtagg ggcctacgtc gcaggagcac tcgcatgggg agtcgaaccce 2760
taa 2763
<210> SEQ ID NO 30
<211> LENGTH: 1803
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 30
atgctgcace cccttegecac attcegtegg geagcacgaa cegtegeggt agccaccgca 60
gegetectee ttecgetcege cggagcacat ccggcecagtg cagacgecge acgtgceggea 120
geegecaggtt cgggatattg gcacacgtca ggtcgecaga tcectggatgce agcaaaccag 180
ccegtgegea tcegcaggaat caattggttce ggattcgaaa ccegcaaacta tgtcccgcat 240
ggectetgga gecgtgacta taagtcgatg atcgaccaaa tgaggtcect gggttataac 300
acgatccgte tgcegtactc agatgacata ttegcaggaa ccgagccgge aagcatcaat 360
tattcggegg gtatgaatac ggatctegeca ggtctgaact cgetecaggt gatggaccgt 420
atcgtegace acgccggcag tttcggaatg aaagtaatcet tggataggeca ccgtcccgac 480
tcegecaggte agtceggcact gtggtatacce tecgeggtac cggagagcac gtggetggea 540
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-continued
catctcaagt cacttgegge ccgctacgeg ggcaatgacyg cegtggtagyg tatcgaccte 600
cacaacgagc cgcacgaccce ggcatgttgg ggetgtggag ataccacgaa ggactggegt 660
ctegecgege agegeggtgg aaacgecgcea ttgagcegeca atccggacct tctgatatte 720
gtegagggygy tgcagacggt agatggagtc tcgggetggt ggggtggtaa cctgatggga 780
gtgggacagt atcccgtgga actgtcetgtg ccgcacaagg tggtgtacag cgcacacgat 840
tacgcaacca gtgtggcaca acagccttgg ttcacggaca gttecttece ggacaatatg 900
cceggtgtet gggataagta ttggggcetac atcttcaaac agaacattge cccegtatgg 960
gtaggtgaat tcggaaccac actgcagagt accaccgacc agaaatggct caaggccctg 1020
gcggactate tgcgaccgac aagccagtac ggagcagact cgttcagetg gacgttetgg 1080
tcttggaatc ccaactcggg tgatacagga ggtatcctca aggacgattg gacgagtgtce 1140
gacacagtca aggacggata cctggcgagt atcaaggcgc cggacttcgg taatggtggt 1200
ggaagtggtyg gcgatgacga cacacaggcc ccgacggcac caacaggact cgcecgtaaca 1260
gggacaaccyg gtaccagtgt ctcgetgagt tggaaggcag catcggacga cacgggggtyg 1320
acagcgtatg acgtctaccg cggtagcacg aaggcaggaa ccgcgacagyg tacgacgtte 1380
acagacacgg gtgtaacctc gggtacgagt tatacctata cagtccgcge acgagacgcg 1440
gcaggaaaca cgtcecgcccee ctceggecatceg gtaaccgcaa ccacgacagg gtcecggagga 1500
aataccggtt gtaaagccgt gtacacggtc aacggagact gggggtcggg attcggggta 1560
gacatcaccyg tgacgaacac aggcaccgcce ccggcaacga gectggaagtt gacatggacce 1620
tacggtggct cgcagaaaat aacgaatatg tggaacgcaa gctataccca gtcaggcgcece 1680
tcegtgaceg taacatctac agactacaat ggaggacteg cggcagggge acacaccgge 1740
ttecggtttee agggaacacc cgcggcgggce gcagtcccaa cecgtgtcecctg tacgctgagt 1800
taa 1803
<210> SEQ ID NO 31
<211> LENGTH: 2373
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 31
atgcgaagtt tcccectgece cgcgetgagg agacggagte ggeggcecegyg acgtcececte 60
ggagcagteg ccttggccct ggcagtcegge gecggtetge tgetccegtt gtegetgeeg 120
geeggageayg cageggcace ggcecttcgac tatggagaag ccttgcagaa gteggtactg 180
ttctacgagg cccagcaatc aggaaagttg ccggatacga acagggtgag ctggegegge 240
gacagcgcac tcgacgatgg taaagacgcce ggactggacce tcaccggagg ttggtatgac 300
geeggegace acgtaaagtt cgggcetgcca atggcatact cagcaacgat getggcatgg 360
ggtggcaceyg aacaacgcgce cgcgtacgaa gcaagcggac agctgceccca tctgcgcaat 420
aacttgcgtt tcgtagacga ctatctgetg aaggcgcacce cgtcaccgaa tgtcttgtac 480
ggacaagtcyg gaaatggagg tgacgatcat aagtggtggg gaccggcaga agtaatgecg 540
atgaagcgge cggcgtataa aatagacgca tectgccegg gtagcgacct ggcgggtcag 600
accgecgcag cgctegecaag ttegtecatg gtgttetegyg acagtgacce cgectacgece 660
gcaaaattga ttacacacgc aaagcaactg tacaccttcg cggacacgta tcgeggcaag 720
tactcggact gtatcacgga cgcacagtcg tactacaact cctggagegyg ctataatgat 780
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-continued
gagttggtat ggggcgcgat ctggetttac aaagcaaccg gagacaccgce ctacctggea 840
aaggccgagt cctattacga caacctcteg accgaaccge agacaacgac gcgatcatat 900
cgetggacct tgtegtggga tgacacctece tacggegegt atgtecttet cgcacaacte 960
acgggaaaac agaagtacat tgacgacgca aatcggtggt tggactggtg gaccgtggga 1020
gtcaacggac agcgcgtgce ctatagceccg ggtggtcagg cagtactgga tagcetggggt 1080
agtctgeggt acgccgccaa caccgcegtte gtagcactca gcectactccga ctggcetgaca 1140
ggtgacgcaa cgcgtaaggc ccggtaccac gatttcgceg tgcgccagat cgactatgca 1200
ctcggagata atccgcgagg atcgtcectat gtegteggtt tecggcgagaa cccacccacce 1260
aaaccgcace atcgtacggce gcacggttceg tggaccgacce aaatgaccaa tccggtggag 1320
acgcgecaca cgctgtacgg agcactggta ggcggaccct cagecccaga cgatacctat 1380
acagacgacc gagggaacta cgtcaataac gaggtggcaa ccgactacaa cgcggectte 1440
actggagcgt tggcacgact gtatgcggag tacggaggtt cgcccctcac cgacttcect 1500
cagceggaag agcccgacgg accggaaatg agegtccagg catctgtaaa tgcagcggga 1560
gccaacttca cagaggtgaa ggcgtatctt attaaccgaa gtgcctggec agcacgcgca 1620
ctcacagatg caagcgtcceg atattacttce accctggaac cgggagtcgce cccgggagac 1680
attagtttca cgacaaacta taatcaatgc ggcgaggtca ccggccctac gcacctgaca 1740
ggagatgtct actatgcaac cgtcgactgt tcagacacag acatcgcccc ggccggecag 1800
agcgcatacc gtaaagaagt gcagttccge atctccageg caggtgcatg ggatccttcece 1860
aacgactggt cgtatccgag cacggcaact acccccggag gtacgcceggt cgacgeccce 1920
catatggtac tccttgaggg ttecggcgceccg cagtggggga cggcccctga tggaaccgac 1980
cecgggaccag gtcceggacce taccacaacg ccggaaccat cceccgacgece agacccaace 2040
gatacacceyg acccggaacce tggagcatgce gatgtcacct accgagtgtce gcaggcatgg 2100
ggtacagggt tcaccgcgga cgtcacagtc aagaatacgg gaccgacccce cctcgacgga 2160
tggcagcecttg cattcgactt ccagggagcce gagagtgtat cgaacgcgtg gaacgccacc 2220
gcgacgcaga gtggaactag ggtgaccctce aagaacgcag gtcacaacgg cteggtgecg 2280
gcaggtggtt cecgectegtt cggettecag gegaacgggg cecccggage agacccgeat 2340
agtttcacat tgaacggaaa ggaatgtggt tga 2373
<210> SEQ ID NO 32
<211> LENGTH: 1287
<212> TYPE: DNA
<213> ORGANISM: Streptomyces LaPpAH-95
<400> SEQUENCE: 32
atgacaggce ggccgetgcee ggcattggea ggageggcag ccegeactggt cctggeggeg 60
gcaagcatge tgaccggage gagctccgca agcegegtege cggtgaccga ttgtacacceg 120
tggggtacaa cggagctect cggtggggag tacttgtate agcagaacga gtggaactcg 180
gacagcgaac aatgtgtcgg agtggaccceg gacaccggag cctggagegt aacaacaagce 240
agcttcaatce ttcccacaaa cggcgcacca gecacgtace cgagcagcta taagggatge 300
cactgggggg catgtacctc ggattctgga ctgccgetece gegtggacga gttgggatca 360
gtacatacag actggtcgac cacacaggta ggctceggtg cctataatgt gagtatggac 420
gtectggttta acagtgcacce tgtaacggat gaccagecgg acggcacgga actgatgatce 480
tggatgaacc accgeggtgg agtgcagecce attggaagec gtacggccac agtccagcete 540
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gatggtcgca cgtgggacgt atggaccgga cccggcgcat cgggatggaa ggtcatcagt 600
tacgtcttge agggcggagce gaccgagctce acagggtteg atgtgaagtc gttgatcgac 660
gacggagtgg gtcgtggecca aatagaccceg gcccattatce tcatcgacgc agaggccgga 720
ttcgagatct ggcagggtgg ccaggggctg ggtatgaaag agttcagett cgaggccagce 780

gcaggaaccg acggtggcga tgacggagge gacggcgate cgggeggegyg aggcaccaca 840
ggagcactca aggcccagta caaaaataac gattccageg cgacggacaa tcagatacgce 900
ccaggectge agectegtgaa taccggatce acagetgteg acctgtctac tgtgaagetg 960
cggtactggt tcaccccecga aagtggcgceg gcgggttteg gecacggcectg tgattatgcea 1020
gtegteggtt gtggaaacgt cacgcacacyg gtaaagcaag cagggacggce agecggegea 1080
tcacactact tggaggtggg tttcacgggc ggatcgcetgg ccccgggtge atcgaccggt 1140
gaaattcagc tgcgattcaa caagtcggat tggtcggcgt tcgacgaagc cgacgactac 1200
agtcgtgcag cgaacacggc gttcaccgac gcatcgaagg tgggtgtcta cgtgaatgga 1260

gcattgtcaa gcggtacage gccgtga 1287

<210> SEQ ID NO 33

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 33

tgtgcggget ctaacacgte ctagtatggt aggatgagea a 41

<210> SEQ ID NO 34

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 34

tctagtcgag cancggaggt acggac 26
<210> SEQ ID NO 35

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic

<400> SEQUENCE: 35

aaaaaaaaac cccgecccug acagggeggg guuuuuuuu 39

We claim: ¢) a glycoside hydrolase family 48 (GH48) gene, and
1. A heterologous gene cassette for expression in a Strep- d) a glycoside hydrolase family 5 (GHS5) gene.
tomyces species to enhance growth on a cellulosic polysac- 60
charide substrate, the cassette comprising a glycoside hydro-
lase family 9 (GH9) endoglucanase gene from Strepromyces

2. The cassette of claim 1, wherein the genes are under the
control of a single constitutive promoter.

LaPpAH-95, a glycoside hydrolase family 12 (GH12) endo- 3. The cassette of claim 1, wherein the genes have been
glucanase gene from Streptomyces DpondAA-B6, and at modified to substantially optimize enzyme expression com-
least two four genes selected from the group consisting of: 65 pared to the wild-type sequences.

a) a glycoside hydrolase family 6 (GH6) gene, 4. A Streptomyces strain recombinantly engineered with

b) an auxiliary activity family 10 (AA10) gene, the cassette of claim 1.
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5. The strain of claim 4, wherein the Streptomyces is
selected from the group of S. /ividans or S. venezuelae.

6. A method of digesting a cellulosic polysaccharide
comprising the step of exposing a cellulosic polysaccharide
substrate to the strain of claim 4 or its secreted products.

7. The method of claim 6 wherein the polysaccharide
substrate is selected from the group consisting of miscant-
hus, switchgrass, hemp, corn, poplar, willow, paper, wood
waste, corn stover, prickly pear cactus cladodes, kelp, sor-
ghum, straw, eucalyptus, pine, sugarcane bagasse, cotton,
bamboo, nut shells, bark, sawdust, wood chips, and paper
mill waste.

8. The cassette of claim 1, wherein the cassette comprises
the GH6 gene, the AA10 gene, the GH48 gene, the GHS
gene, the GH9 gene, and the GH12 gene under the control
of a single constitutive promoter and each separated by a
ribosomal binding site.

9. The cassette of claim 8, wherein the GH6 gene, the
AA10 gene, the GH48 gene, the GH5 gene, and the GH12
gene are from Streptomyces Dpond AA-E36.

10. The cassette of claim 8, wherein the GH6 gene, the
AA10 gene, the GH48 gene, the GHS gene, and the GH9
gene, are from Streptomyces LaPpAh-95.

11. The cassette of claim 8, wherein the GH6 gene, the
AA10 gene, the GH48 gene, and the GHS gene, are from
Streptomyces sp SirexAA-E.

12. The method of claim 6, wherein the cellulosic poly-
saccharide substrate is selected from the group of cellulose
and hemicelluloses.

13. The method of claim 6, wherein the cellulosic poly-
saccharide substrate is selected from the group of wood and
non-wood biomass.
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14. The method of claim 6, wherein the cellulosic poly-
saccharide substrate is a lignocellulosic material.

15. A heterologous gene cassette for expression in a
Streptomyces species to enhance growth on a cellulosic
polysaccharide substrate, the cassette comprising a GH9
endoglucanase gene from Strepromyces LaPpAH-95 and at
least three genes selected from the group consisting of:

a) a glycoside hydrolase family 6 (GH6) gene,

b) an auxiliary activity family 10 (AA10) gene,

¢) a glycoside hydrolase family 48 (GH48) gene,

d) a glycoside hydrolase family 5 (GHS) gene, and

e) a glycoside hydrolase family 12 (GH12) gene.

16. The cassette of claim 15, wherein the cassette com-
prises the GH6 gene, the AA10 gene, the GH48 gene, the
GHS gene, and the GH9 gene under the control of a single
constitutive promoter and each separated by a ribosomal
binding site.

17. The cassette of claim 16, wherein the cassette addi-
tionally comprises the GH12 gene.

18. The cassette of claim 16, wherein the GH6 gene, the
AA10 gene, the GH48 gene, and the GHS gene are from
Streptomyces sp SirexAA-E.

19. The cassette of claim 16, wherein the GH6 gene, the
AA10 gene, the GH48 gene, and the GHS gene are from
Streptomyces DpondAA-86.

20. A heterologous gene cassette for expression in a
Streptomyces species to enhance growth on a cellulosic
polysaccharide substrate, the cassette under the control of a
single constitutive promoter and comprising a GH6 gene, a
AA10 gene, a GH48 gene, a GH9 gene, and a GH12 gene
each from Streptomyces LaPpAH-95 and each separated by
a ribosomal binding site.
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